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SUBJECT: Transmittal of Technical Report D-77-36 

TO: All Report Recipients 

1. The technical report transmitted herewith represents the results of 
one of the research efforts (work units) under Task 4A (Marsh Develop- 
ment) of the Corps of Engineers' Dredged Material Research Program 
(DMRP). Task 4A is part of the Habitat Development Project of the DMRP 
and is concerned with developing, testing, and evaluating the environ- 
mental, economic, and engineering feasibility of using dredged material 
as a substrate for marsh development. 

2. Net annual aerial primary productivity is a commonly used descriptor 
of the value of salt marshes. Primary productivity here is considered 
the rate at which the sun's energy is stored as green tissue available 
to the ecosystem. This work unit (4AOlAl) deals with several key aspects 
of the primary productivity of selected minor marsh plants in Maine, 
Delaware, and Georgia. Specifically, the topics of plant density, 
biomass, detrital flux, mortality, and comparisons of techniques for 
measuring productivity are addressed. The information derived in this 
study should be of direct value in evaluating the relative ecological 
importance of potential dredged material disposal sites. The informa- 
tion provided will also be exceptionally useful in the design of new 
marsh habitats on dredged material. 

3. Work Unit 4A04Al is one of several research efforts designed by the 
DMRP to document marsh productivity and the factors which influence that 
productivity. Closely related work units are 4A04A2, which deals with 
marsh plant substrate selectivity and underground biomass production; 
4A04B, which addresses the productivity of minor marsh species in 
Louisiana; and 4A05 in which a simulation model to predict salt marsh 
productivity was developed. In a less intensive study, Work Unit 4A20 
will provide a general evaluation of salt marsh productivity of the 
Pacific coast of the United States. Additional supportive and compara- 
tive data will be forthcoming with the final analysis of the results of 
field studies at Windmill Point, Virginia, (4All); Buttermilk Sound, 
Georgia, (4A12); Apalachicola, Florida, (4A19); Bolivar Peninsula, 
Texas, (4A13); Pond No. 3, San Francisco Bay, California, (4A18); and 
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Miller Sands, Oregon, (4BO5). Together these research products provide 
the Corps with a comprehensive basis for sound management decisions 
regarding dredged material in salt marsh habitats. 
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Commander and Director 
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EXECUTIVE SUMMARY 

Over the past two centuries, many of our nation's Twetlands have 

been filled or drained for agricultural, industrial, or residential 

expansion. During the last two decades, the ecological importance of 

wetlands has been a focal point for coastal research. Numerous at- 

tempts have been made to classify these wetlands in terms of fish and 

wildlife habitats, i.e. according to aesthetic or subjective values. 

Wetland marsh areas have been defined as areas that are inundated or 

recharged with sufficient frequency to be capable of supporting 

herbaceous vegetation that requires or tolerates the saturated soils 

for growth or reproduction under normal circumstances. Numerous 

criteriahavebeen assessed in considering the importance of these 

wetlands. Hydraulics and stream order, the depth, frequency, and dura- 

tion of flooding, the capacity for release and assimilation of 

materials, the regional micro-climatology, the fish and wildlife 

habitat, the frequency and duration of saturation, and the primary 

productivity above ground and below ground of the plants, all are 

parameters that have received attention relative to establishing 

marsh value for management decisions. Although a number of scientific 

proofs have been offered relative to wetlands values, the most 

credible factors concern the relationship between marsh plant produc- 

tion and the aquatic fish and invertebrate production. Past studies 

have focused on wildlife and natural history studies of the fauna of 

the coast. More recently, scientists have begun to quantify the growth 

or primary production of plants since this primary production of plants 

is the basis for the entire coastal estuarine food web. 

Proceeding on the assumption that these coastal marshlands do 

have an ecological value, some marshes must be more valuable than 

others. There also must be ways of assessing the value of marshes so 

that management decisions relative to their conservation may be made. 

This evaluation, however, must be quantitative, sc$entific, objective 

and reasonable as a criterion for deciding which marshes should be 

protected and preserved and which ones should be exploited. An 
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ecological rating system that relies on natural resource management 

principles and personnel to make the measurements would seem to be 

appropriate to quantify the importance of various types of wetlands. 

Research efforts in the past two decades relative to the primary 

productivity of marsh plants have focused on the plant, Spartina 

aZtem.iflora. Management decisions relative to marsh were made on a 

data base of Spartina aLterniflora. When other species of plants 

were considered relative to marsh perturbation, they were always con- 

sidered less important or "minor species" because of the lesser area1 

extent when contrasted to Spartina alter&flora. A thorough review 

of the scientific literature, however, revealed that any management 

decisions based on the primary productivity of the "minor species" 

of marsh plants heretofore had been based on mythology and not upon 

competent scientific research. Consequently, the purpose of this study 

was to evaluate the importance of the primary productivity of a variety 

of speciesof salt marsh plants commonly occurring along the eastern 

coast of the United States relative to the disposition of dredged 

material. The results are intended to assist in management decisions 

relative to marsh values which in turn suggest the kinds of marsh which 

can be altered or disturbed or used as sites for deposition of dredged 

material during waterway maintenance activities. 

Using similar methodology, the primary production of the salt 

marsh plants oommonto the Atlantic coastal zone was determined in 

Delaware, Georgia, and Maine over a 2 yr period. Parameters deter- 

mined included aerial plant density, biomass, detritus flux, estimated 

net primary productivity, and mortality, The elevation, above or 

below mhw, at which each plant exists was determined. An evaluation 

of the net aerial primary production estimation methodology was also 

considered. 

At the outset of the study, it was considered that Spmtina 

alternifZora was the most prolific primary producer in the east coast 

marshes. It was also assumed that marsh primary production decreased 

with increasing latitude. Studies heretofore conducted during 

different years using different methodologies had suggested a dramatic 
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decrease in primary production in the more northerly latitudes con- 

trasted with the southern latitudes. The results of this study indi- 

cate that Spa&fina pa&n5 in Maine and Sptina cynoaumiden in Georgia 

are among the most productive plants along the eastern coast. This is 

contrary to the belief that Spantina &mti~~ohU is the most productive 

marsh plant in Georgia. JWCUA gQhahdiion the creekbank in Maine and 

V,&tickein apica;ta and Sptina p~&enA in Georgia all had somewhat les- 

ser primary production than .$Wu%nu ~dt~n5 in Maine and Sptina 

cynoautoidu in Georgia. In ranking these species, production decreased 

among the plants considered. Those of the lowest production included 

Spohoboti v&g&%&A in Georgia and Juncu g&W.&,& on the highmarsh 

in Maine. The primary production ranged from over 6,000 g/m*/yr to 

600 g/m*/yr. An analysis of the four parts of this report reveals the 

tremendous significance of the formerly known "minor species" as 

important sourcesof primary production and detritus for the sustenance 

of the estuarine ecosystem. Consideration of the density of stems 

per unit area reveals that the greatest stem density occurred in the 

plants from Maine. Evaluation of the tidal range in which the plants 

live revealed that none of the plants from Delaware or Georgia (ex- 

cept Spartina qnosuroides) live below mhw; however, several of the 

plant species in Maine occur below mhw. 

The report summarizes a computation of each of the measured 

variables and relates the results to earlier literature. The data 

document a highly productive nature of the "minor marsh plant species", 

formerly considered to be minor simply because of their relatively 

lesser abundance and supposedly lower productivity. The data reveal 

that in terms of ecological values one must consider the estuarine 

macrophytes studied (Borrichia frutescens, Distichlis spicata, Iva 

frutescens, Juneus gerardii, Phragmites corimunis, Spartina altemi- 

f7- oyla, Spar-ha eynosuroides, Spartina patens, and Sporobolus virgini- 

eus) as valuable natural resource components when planning for the 

deposition of dredged material. In terms of detritus production, 

the main energy source for estuarine metabolism, the contribution 

of these minor plants is very significant and deserving of attention 
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when making management decisions, Although earlier data had suggested 

the latitudinal differences, the results revealed that there was no 

evidence to suggest that a difference in the length of the growing 

season had a pronounced effect on the maximum values of the parameters 

measured. Although the environmental metabolism and decomposition of 

the dead material was greater in the southern latitudes, the primary 

production appeared to be more equal throughout the regime studied. 

There are differences in the climate, soil properties, tidal activity, 

and other biotic and abiotic factors that act on any single site; 

therefore differences in environmental metabolism account for the 

differences in primary production of each minor marsh plant considered. 

Since primary production is one of the more important parameters of 

the marsh in terms of an ecological evaluation, intensive consideration 

of the aerial primary production reported herein, and the below-ground 

primary production (in a companion report by J. L. Gallagher et al.), 

become essential ingredients in competent environmental management 

decision making. 
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PRIMARY PRODUCTIVITY OF MINOR MARSH PLANTS IN 

DELAWARE, GEORGIA, AND MAINE 

PART I: INTRODUCTION 

The extensive nature of this study has resulted in reams of 

information. To make the material more comprehensive and under- 

standable, it has been segmented. The first major section deals 

with the geographic details of the study and the aerial plant density 

and biomass data from the collection sites in Delaware, Georgia, and 

Maine. The second section summarizes the detritus flux, mortality, 

and estimated net primary productivity of the plants. The third 

section discusses the problems associated with primary production 

estimation and considers the results of this study in light of 

several methodologies commonly employed for production measurements. 

The ancillary data related to climatological data, tidal data, monthly 

mean values for living biomass, dead biomass, 1ive:dead ratios, 

living stem densities, individual stem weights, percent dead, 

instantaneous rate of detritus flux, mortality, and estimated primary 

productivity all are appended to the report. Some information is 

repeated so that each section may be considered independently. 

General data are presented in the appendices as follows: 

Appendix A - Monthly Climatological Data; Appendix B - Tidal Data; 

and Appendix C - Monthly Mean Values for Angiosperms Sampled. 
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PART II: BASELINE INFORMATION ON AERIAL PLANT DENSITY AND 

BIOMASS FOR SELECTED ESTUARINE ANGIOSPERMS 

Introduction 

1. The importance of the salt marsh-estuarine ecosystem has 

been well documented in the literature (Odum 1961, Teal 1962, Odum 

and de la Cruz 1967, Cooper 1969, Sweet 1971, Gosselink et al. 

1974). The coastal zone of the United States appears to be one of 

the most economically and ecologically productive regions in the 

nation (Reimold 1976.) In addition, the salt marsh-estuarine 

ecosystem has been shown to function as a buffer zone between 

tidal waters and land during storms, as a nursery ground for a 

variety of marine organisms, and as an energy source for the estuary 

itself. However, with the intensification of coastal zone usage 

(shore-line development, fisheries, aquaculture, and mineral explora- 

tion), it is necessary to gain a more complete understanding of the 

salt marsh ecosystem. 

2. A majority of studies of the estuarine system energetics 

have been primarily based on studies of Spartina qxZternifZora 

(Smalley, 1958; Morgan, 1961; Odum, 1961; Teal, 1962; Good, 1965; 

Stroud and Cooper, 1968; Johnson, 1970; Kirby, 1971; Durand and 

Nadeau, 1972; Keefe and Boynton, 1973; Wiegert et al., 1975). Teal 

(1962) assimilated the earlier works of many researchers in the 

southeastern salt marshes.and produced a conceptual model of energy 

flow and the magnitudes of cyclic fluxes. More recently, these studies 

have turned to mathematical model studies incorporating algal activity 

information, nutrient cycles, aerial harvest information, and below- 

ground biomass activity (Pomeroy et al., 1972; Day et al., 1973; 

Reimold, 1974; Wiegert et al., 1975). 

3. As Federal, State, and private interests continue to exert 

efforts toward a more complete understanding of the estuarine system, 

energetics studies resulting in models designed to predict the out- 

come of perturbations will continue, The purpose of this study was 

12 



to acquire baseline seasonal density and biomass estimates of the 

plant species often ignored due to their relatively small area1 

extent along the eastern shore of the United States. This informa- 

tion is basic to all energetics studies if a complete analysis of 

the salt marsh-estuarine system is to be made possible. 

Methods 

4. Saline marsh sites in Maine, Delaware, and Georgia were 

selected for study (Figures 1 - 3). Selection criteria included a 

broad latitudinal range (31"19' to 44O34'), logistically feasible 

access within the time allowed for collection and preparation of 

samples (1 week), and laboratory facilities which could be utilized 

for immediate preparation of the samples. Marshes were selected 

which had similar vegetative diversity with monospecific stands of 

the angiosperms to be evaluated. Sites were subjectively selected 

in order to limit the effect of varying environmental conditions. 

5. Optimum quadrat size used for sampling aerial plant material 

was determined in August 1973 according to the method of Wiegert 

(1962). The plant species chosen for investigation, the states 

where they were sampled, and the quadrat sizes used are shown in 

Table 1. 

6. Juneus germdii stands in Maine were referred to as creek- 

bank where the plants were growing on a steep slope above the Spar-&a 

altemiflora and as highmarsh where the plants were growing on a 

relatively flat site landward of the creekbank plants. Similar 

differentiation was employed in the Spartina alter&flora stands. The 

Juncus gerardii stands in Maine were mixed with another rush nearly 

identical in growth form, Juncus baZticus. Because of the periodic 

absence of fruiting or flowering structures necessary for separating 

the two during sampling, this stand was treated as a monospecific 

stand of Juncus germdii. 

7. A majority of the plant species sampled had a limited 

geographic distribution and were therefore unavailable for sampling 

in all states. Phragmites commun is and Spaxtina qnosuroides had a 
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0 =Collection Site 

Franklin 

Salisbury 

Cave 

Bar liar bar 

Figure 1. Geographic location of collection sites in Maine; A - Juncuc 

gerardii (creekbank and highmarsh) and Spartina aZtemifZora (creekbank); 

B - Spar-ha aZternifZora (highmarsh), Spoxtina patens, and Carex sp. 
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Figure 2. Geographic location of collection sites in Delaware 
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Sapelo Sound 
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Figure 3. Geographic location of collection sites in Georgia; 

A - Distichlis spicata, Iva frutescens, Spartina patens, ~YJ 

Sporobo Zus virginicus; B - Borrichia fmtescens; 

c - Spartina cynosuroides 



Table 1 

Angiosperms Evaluated, Their Geographic Location, 

and Sample Quadrat Size for Collection Sites 

Angiosperms 

Bomichia fruteseens 

DistichZis spicata 

Iva frutescens 

Juncus gerardiib 

Juneus gerardiiC 

Phragmites commmis 

Spartinu aZtemifZo~ab 

Spartina aZtemifZoraC 

Spar-him cywsuroides 

Spmtina patens 

SporoboZus virgin&us 

Locationa 

G 

D G 

D G 

M 

M D 

D 

M 

M 

G 

M D G 

G 

Quadrat size 
2 m 

0.50 

0.01 

0.50 

0.01 

0.01 

0.50 

0.10 

0.10 

0.50 

0.01 

0.01 

"M = Maine; D = Delaware; G = Georgia 
b Creekbank 

'Highmarsh 
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broader latitudinal growth range than sampled; however, they were 

not found in an area where sampling could be done based on the criteria 

discussed earlier. Finally, Spartina alterniflora was found in all 

locations but sampled only in Maine. Biomass evaluations for 6'partina 

aZternifZora in the southeastern and middle Atlantic coastal regions 

were already well documented in the literature (de la Cruz 1973, 

Hatcher and Mann 1975, Reimold et al. 1975, Mendelssohn and Marcellus 

1976, and Gallagher et al. In press). Therefore, this angiosperm was 

investigated only in Maine where literature values were unavailable. 

8. Contiguous paired plots as described by Wiegert and Evans 

(1964) were employed for the collection of the aerial plant material 

and litser-. Stainless steel hand pruners or dissecting scissors were 

utilized for harvesting. Dissecting scissors were used on all plots 

of 0.1 m2 or smaller to increase the accuracy of the harvest by 

potentially decreasing experimental error in these small quadrats. 

Five samples were taken simultaneously within each stand, at all 

locations, and at 56-day intervals from the initiation of the study 

on 27 August 1973 through its termination on 25 August 1975 in 

Delaware and Georgia. Iva fmtescens and SporoboZus virginicus 

sampling was not initiated until 3 June 1974 and continued until the 

termination of sampling at the other locations. Because of the 

severity of the winter and the impossibility of accurate sampling 

duringmonthswhen the Maine site was covered with ice and snow, 

sampling in Maine was restricted to late spring, summer, and early 

fall. In addition, one 28-day sampling interval was necessary to 

approximate initiation time of spring plant growth in Maine. 

9, Plant material harvested in the field was separated into 

live and dead components and placed in polyethylene bags of sizes 

ranging from 0.9 e to 208.0 1 dependent upon the amount of material 

present. Iva fmtescens was always separated into living and dead 

components in the field due to the brittle nature of the dead portions 

of the living stems which when mixed with standing dead tissue were 

inseparable. Evidence of green material on the stem dictated the 

selection of living plants, and material with an absence of green 
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coloration was assessed to be dead. The samples were returned to the 

preparation laboratory at the respective sites immediately following 

the field sampling. Here they were weighed using a Model 2197 Ohaus 

5-kg balance with a sensitivity of + 0.5 g to determine fresh weight 

values to the nearest 1.0 g. Dead portions of the living plants 

were stripped off and weighed separately. The necessity of sub- 

sampling to evaluate dry weights was determined based upon the amount 

of material that would adequately fill a 0.9-L jar. Samples harvested 

in Delaware and Maine were packaged and transported by air to Georgia 

where they were placed in jars and dried in a mechanically convected 

forced draft oven at 100" C to a constant weight. All samples were 

removed from the oven when Jry and weighed on a Mettler Model Pll, 

11-kg-capacity balance with a sensitivity of + 0.05 g. Subsample 

data were expanded to include the complete harvest fresh weights, and 

subsequently all data were expanded to a square metre basis. 

10. All harvest data analyses were based on dry weight informa- 

tion. Natural logarithmic transformations were used for graphical 

presentation to equalize the variances of all values that had a general 

tendency to increase with increasing values of the Y parameters. 

Transformations were also used to present information graphically on 

similar or, when possible, identical scales. The physiognomy of the 

plant species evaluated was such that a wide range of values within 

any parameter was observed, making it impossible to plot untrans- 

formed information on a comparative scale, Because of the natural 

logarithmic transformation, the value of one was added to all values 

shown graphically to avoid unpresentable zero values. Statistical 

evaluations were completed according to Snedecor and Cochran (1967). 

11. The Maine data graphically portray projected minima where 

applicable, based on observations during periods when quantitative 

data were unobtainable. The dead material components show no pro- 

jections during periods when samples were not collected, since there 

wereno means of adequately assessing this parameter when quantitative 

data were unavailable. In addition, the frozen, often ice or snow 

covered marsh led to the assumptions that decomposition was negligible 
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during these periods and 

in dead material amounts 

or late in the season. 

that the significant increases or decreases 

were monitored by the data collected early 

Results and Discussion 

Borrichia fmtescens 

12. A seasonal pattern in Borrichia frmtescens living aerial 

biomass was evident (Figure 4) with declining live material during 

the winter and maximum biomass during the summer. The maximum bio- 

mass values obtained corresponded to times of flower initiation and 

development. The range of Borrichia fmtescens dead biomass was con- 

siderably smaller than that of the standing living biomass (Figure 4) 

and no clear seasonal trend was apparent for this component. Season- 

ality of dead material might be evident if the leaves of the woody 

Bomichia frutesoensremained attached to the plant or remained as 

litter in the surrounding area after abscission. However, this 

material rapidly disappeared from the localized area due to periodic 

tidal flushing. Live stem densities (Figure 4) also indicated little 

seasonal change although maximum stem counts consistently occurred 

in late spring (Figure 4). 

13. There were nearly constant amounts of dead material per 

stem throughout the 2 yr evaluation period while the dry weights of 

individual live stems showed an increase in biomass during the summer 

months (Appendix C). 

DistichZis spicata 

14. Living aerial biomass of EstichZis spicata in Delaware 

had a more extreme range of values than did the Georgia stand (Figure 

5). The colder weather during the winter months in Delaware was 

assumed to be the major factor in creating this difference. Maximum 

summer living biomass was higher in Delaware (1142 g/m2> than that 
2 

computed for Georgia (458 g/m ) with peaks in August or September in 

both locations although the Delaware maximum was quite variable. Typi- 

cal summer maximum values were approximately 100 g/m 2 
greater in 
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Delaware than in Georgia. The increased variability noted during the 

winter in the Delaware samples (Figure 5) was related to the quadrat siz 

used for harvesting. During these months, there were insignificant 

amounts of living material present in the Delaware marsh, and the 

small quadrat size resulted in increased heterogeneity of the samples. 

Although the natural logarithmic transformations were utilized to 

equalize the variance, in this instance, the procedure tended to make 

the smaller biomass variances appear more extreme. The two locations 

demonstrated maximum and minimum dead biomass on the same collection 

dates and similar ranges (February and August, respectively, Figure 5). 

The variation in magnitude of dead material in Georgia was the same 

as the range of dead material in Delaware and nearly two times that 

of the living biomass in Delaware. This phenomenon suggested a sub- 

stantial litter base in the Georgia DistichZis spicata and either an 

unstable community where litter accumulation was a dominant factor or 

rapid turnover of living biomass was occurring. 

15. Stem densities were relatively constant for DistichZis 

spicata in Georgia throughout the year. High densities in Delaware 

(Figure 6) corresponded to the warmer summer temperatures. The 

Delaware stand was more dense at its peak than the Georgia stand 

(6160 and 2300 stems/m2, respectively) , and visual observation of the 

two stands prior to the initiation of sampling suggested no such 

extreme difference in density. Weights of individual living stems 

were greatest in late summer for both Distichlis spicata stands, with 

the Delaware stems being generally lighter in weight (Appendix C). 

The estimated percentage of the living plant which was dead during the 

harvest intervals indicated that either the Georgia plants lived 

longer than those in Delaware or that new shoots were initiated more 

frequently (Appendix C). Based on the amount of dead material present 

in Georgia, it appears more likely that new shoots were initiated more 

frequently and over a longer period of time. This observation then 

suggests that the mortality rate was greater in Georgia as opposed to 

the earlier suggestion that individual. stems might live longer in 

Georgia than those in Delaware. 
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Iva frutescens 

16, The clumped distribution and shrubby growth form of Iva 

frutescens caused greater component variance than with any other species 

sampled. The Iva frutescens from Georgia and Delaware displayed 

nearly identical ranges of living biomass (Figure 7). The major con- 

tribution of Iva frutescens to the estuariue system was the leaf and 

flower material lost from the plants during the growing season, as 

with Bomichia fmtescens. The dry weight of dead Iva fmtescens 

in the Delaware marsh was both greatest and smallest in late fall 

and early winter. Dead biomass of Iva frutescens in Georgia was 

smallest in the spring and greatest in August (Figure 7). Neither 

stand displayed evidence of litter accumulation. The difficulty 

experienced in separating live from dead stem material was similar 

to that of Bomichia fruteseens samples where stems had to be broken 

to discern this difference. The stem radius on this plant was three 

to four times greater than that of Borrichia fruteseens, which made 

harvesting the stems at ground level difficult. 

17. Stem density data (Figure 8) indicated a greater number of 

living Iva fruteseens stems in Delaware than collected in Georgia 

(Figure 8). Although seasonality of density appeared more evident 

in Georgia than in Delaware, stem density determination was often 

difficult due to the growth form of the plant and was therefore subject 

to question. The Iva fruteseens in Delaware was the only angiosperm 

at that location which had a nonzero winter stem density or living 

biomass component. 

Juneus gemrdii 

18. The amount of living J. gerardii present in Delaware de- 

clined earlier in the season than other plants sampled (Figure 9). 

Juneus geraxdii live biomass showed an increase during the winter 

months to a peak that occurred early in the summer. The Maine sites 

were more difficult to evaluate because of the varied sampling fre- 

quency described earlier; however, a seasonal pattern was discernable. 

19. The live Juneus germdii in the Maine creekbank stand 
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declined to zero in November where it remained during the winter 

months. This decline, indicated by a dashed line on Figure 9, was 

close to the actual conditions present based primarily on qualitative 

observations at the site and seasonal climatological data. In the 

highmarsh, the values of living biomass had a smaller range than 

that of the creekbank Junms gerardii. The creekbank data indicated 

an earlier growth period possibly due to the buffering of environmental 

extremes by the tides. The highmarsh Juncus gerardii was subjected 

to greater climatological extremes early in the spring. 

20. The dead Juncus gerardii biomass in Delaware (Figure 9) 

varied more than that of those plants previously discussed. Decline 

in dead biomass was evident in later spring concomitantly with in- 

creasing living biomass patterns. The increase in the Maine creekbank 

dead Juncus gerardii appeared to be directly associated with a rapid 

decrease in standing live biomass. The decreased dry weight of live 

material in the highmarsh sites, as compared to the creekbank site, 

was significant in determining the potential dead material contribu- 

tion at any single sampling time. High values were indicative of late 

summer with minimum values consistently occurring in June or July at 

both Maine sites when conditions were appropriate for increased 

decomposition, increased direct tidal influence, and decreased death 

of living plants. The increased range of dead material present in 

the creekbank stand suggested increased tidal activity at this site. 

In few collections throughout the study did the living material exceed 

the dead plant material in any of the stands. The creekbank stand in 

Maine most closely approximated the Delaware highmarsh stand with 

respect to both living and dead material patterns. 

21. Stem density data for Juncus gerardii (Figure 10) in 

Delaware showed an early growth initiation. The Maine data (Figure 10) 

also displayed a seasonal distribution with rapid early season growth 

in comparison to other marsh plants evaluated. The August peak in the 

Maine Juncus gemrdii occurred considerably later in the season than 

the Delaware peak in May. In order to observe a clear growth pattern, 

the 7 April 1975 sample in the highmarsh Maine site was best repre- 
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sented by the value at the lower portion of the standard error bar 

(Figure 10). The Maine creekbank Suncus gerardii stand showed an 

earlier peak than the highmarsh stand, The seasonal pattern in Maine 

of the second sampling period from April to August of 1975 indicated 

the need for shorter sampling intervals in this area to assess the 

biomass and stem density changes. The 2%day interval from April to May 

appeared to be a more appropriate interval to detect the actual pattern 

of the density and living biomass components. 

Phragmites communis and Spartina qnosuroides 

22. Phragmites corrarnis and Spartina qnosuxoides (Figure 11) 

had similar living biomass patterns with broader seasonal ranges in 

Spartina eynosuxoides. The lower biomass of Spaxtina eynosuroides 

found in the second year of study (13 January 1975) was missed or 

nonexistent during the bimonthly harvest in the first year of study. 

Phragmites eommunis and Spartina qnosuroides living biomass was 

lowest in winter and highest in late summer. 

23. The August and October 1973 Phragmites eomm-unis samples 

were taken at a location that was apparently burned periodically by 

an unknown arsonist. Due to the threat of fire, the sampling site 

was relocated. The site relocation appeared to have little effect on 

the living biomass component; however, the dead component was signi- 

ficantly influenced since the first site had no litter accumulation 

while at the second site the litter was several inches deep. The 

living biomass was consistently higher than the dead in the Spartina 

eynosuroides plots where tidal influence was assumed to be more active, 

Phragmites eommwis had greater amounts of dead material (Figure 11) 

where the litter accumulation on the substrate surface was unmistakable. 

24. Stem density values (Figure 12) displayed more seasonality 

in Phragmites eommunis than in Spartina qnosuroides stand since at no 

time during the study did the living stem density values decline to 

zero in Spartina eynoswoides. However, the ranges of living stem 

densities were quite similar. An earlier growth period was evident . 

in the Spurtinu qnosuxoides stand with maximum densities in late 

winter or early spring. Individual living stems weighed more in 
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Spartina cynosuroides (Appendix C), which explains the increased live 

biomass observed in the Spartina cynosuroides stand when stem densities 

were similar. 

Spartina aZternifZora 

25. Nearly identical patterns of live biomass were found in the 

two Maine sites (Figure 13). The range of living biomass in the high- 

marsh Spartina altemiflora was one-half that of the creekbank material 

as found in several other studies along the east coast (Reimold et al. 

1973, Kirby and Gosselink 1976, Gallagher et al. In press). Unlike the 

Juncus gerardii data previously presented, the range of dead material 

(Figure 13) in both stands was very similar. The creekbank Spartina 

alterniflora had more instances where the live biomass exceeded the 

dead biomass when compared to the highmarsh stand, indicating increased 

tidal activity removing dead material. The highmarsh Spartina 

aZterniflora had fewer dead portions on living stems, which also 

indicated that increased tidal activity removed these dead parts from 

the creekbank stand (Appendix C). 

26. The live stem density data (Figure 14) resulted in nearly 

identical patterns at both sites, although the creekbank Spartina 

aZtern.ifZora density was higher than the highmarsh stem density. 

This condition was not indicative of the Georgia marshes where the 

stem density was greater in the highmarsh when compared to the creek- 

bank (Gallagher et al. In press). Both maximum values were greater 

than comparative systems in Georgia. It was evident that the high- 

marsh plants had a slightly higher individual stem weight, also unlike 

that of the southeastern coastal systems (Appendix C). It must be 

noted that, based on tidal elevation data, the highmarsh stand was not 

one that was significantly higher in elevation (Part III). The in- 

creased dead removal potential resulted from the steep slope where 

the creekbank plants were found as opposed to a relatively flat area 

that was designated as highmarsh. 
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SpartTna patens 

27. Living Spartina patens in the Delaware and Maine stands 

had a clearer pattern than that in the Georgia stand (Figure 15). 

However, the maximum standing crop of living biomass was nearly 

identical at all three locations. High living biomass of Spartina 

patens in Georgia was found in early spring of the first year and 

in summer of the second year. The dry weight of dead material (Figure 

15) showed no evident seasonality but an extensive amplitude in the 

Georgia stand (Figure 15). The Maine and Delaware living Spartina 

patens was highin summer and low in winter. The Delaware Spar&a 
patens dead biomass range was nearly one-half that of Georgia and 

more than one-third that of the Maine stand. The dead biomass in 

Maine was consistently lower during the second year of study. The 

increase in dead Spartim patens during the winter months in Maine 

was 487 g/mL. This condition can be explained by the September sample 

assuming no disappearance of dead material during death of the 700.0 + - 
99.87 g/m2 of live material present at that time. This could have 

contributed another 700 g/m2 to the dead component during the winter. 

Consequently,the decrease in dead material over the winter was esti- 

mated to be 213 g/m2. An excessive litter mat was present in the Maine 

stand that introduced variability into the dead samples. The Delaware 

and Maine sites both showed a nearly constant excess of dead material 

when compared to the Spartina patens live biomass. These trends 

fluctuated frequently in the Georgia stand, 

28. Live stem density values (Figure 16) showed a near constant 

amount of stems present in Georgia in comparison with the seasonal flux 

of values in the Maine and Delaware sites. The tufted growth form of 

Spmtina patens was not visually obvious; however, this type of growth 

created variability in the Maine stem density data that ranged from 

a winter and early spring low of zero, to a variable maximum of 

12880.0 2 2438.3 stems/m2 in August 1975. There was no statistical 

difference between this density and the previous 30 June 1975 sample 

where a stem density of 9520.0 + 1430.5 stems/m2 was recorded. The - 
living stems of Spartiza patens in Georgia were heavier than those of 
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theother sites,but the maximum density occurred in Maine (Appendix C). 

Therefore, it is difficult to assess which stand was influenced by 

better environmental conditions. Qualitative assessments of the sites 

would suggest that the Maine site had far better growing conditions. 

Sporobo 7x3 virginieus 

29. Biomass of living SporoboZus virginieus was at a maximum 
n 

of 262.0 2 45.9 g/mL on 24 September 1974, a value considerably lower 

than that of the other angiosperms evaluated (Figure 17). There was 

minor evidence of grazing by ungulates on SporoboZus virgin&us so 

fences were constructed around the plots to act as exclosures. 

Sporobolus virginicus dead material decreased after the exclosures 

were constructed, but this decline was not directly attributed to 

the construction (Figure 17). The area was a transition zone between 

the forested highland and the regularly flooded marsh, Because of 

the transitional structure of this system, it may not be stable. Live 

stem densities exhibited a similar pattern to that in the Georgia 

Distichlis spieata, although density values were considerably higher 

than those of the Distichlis spicata plots (Figure 17). Variability 

was high in Sporobohs virginieus, which was attributed to its uneven 

distribution. 

Living biomass 

30. Latitudinal effects between similar and/or identical plant 

species are apparent in the living biomass minimum values summarized 

in Table 2. The Delaware and Maine angiosperms responded to the 

coldest winter temperature by producing no plants which grew or 

overwintered in a living state except for the woody Iva fruteseens 

(Appendix A). The more distinct seasonal patterns of living biomass 

in Maine and Delaware appeared to be influenced by the number of days 

below 0' C (Appendix A). Maine had 142 days below freezing (October 

to April), while Georgia had only 3 days below freezing (December to 

March), on the average. 

31. There was no evidence suggesting that difference in the 

length of the growing season had a pronounced effect on the maximum 
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values. One might assume that the substrate properties alone could be 

the dominating factor in regulating the maximum live biomass. The 

optimum growth habitat is not known for many of these minor marsh plants, 

which also makes latitudinal comparisons inconclusive, 

Dead biomass 

32. Dead biomass maximum and minimum values summarized in Table 

2 reflect the influence of the tides and the rate of decomposition. 

The most variation between maximum and minimum dead biomass was found 

in the Maine stands. These plants were all found to be growing below 

mean high water (mhw), indicating a more frequent tidal flushing 

(Part III). The Delaware and Georgia sites had similar percent varia- 

tion between maximum and minimum dead biomass. Based on mhw data 

(Part III), the variation of dead material should be similar in 

Delaware and Georgia as indicated by the results. Due to the extreme 

difference in climate, decomposition should be greater in Georgia. 

Spmtina patens data support this conclusion, although the variability 

of the tides is enough to suggest that it is a predominating influence 

in determining the amount of dead material that remains in any single 

stand. 

33. The amount of dead material present may be extremely 

important as a nutrient source for continued production (Maye 1972). 

In addition, the living contribution is the material that dies and 

can greatly vary between sites. Therefore, quantification of mortality 

is important in determining an accurate assessment of the system. 

Tidal influence 

34. The tidal influence is an important entity that strongly 

influences the growth of the plants and has been called "tidal subsidy" 

by Odum (1961) and Odum and Riedeburg (1976). They suggested that those 

plants influenced regularly by the tides, particularly the tall height 

form of Spartina alterniflora, have a greater growth potential based 

on increased nutrient loads, aeration, and a number of other environ- 

mental factors regulated by tidal activity. The increased stem 

densities of the Maine plants compared with the Delaware and Georgia 
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plants (Table 2) support this theory. When comparing the creekbank 

and highmarsh stands in Maine, the maximum living biomass also supports 

this hypothesis, although the creekbank Spartina a~terniflora values 

might vary according to where the highest percentage of samples were 

taken (i.e., above or below mhw). In comparing maximum living biomass 

between states, there is no evidence to support the tidal subsidy 

theory, and the site differences, excluding tidal influence, may have 

been great enough to dictate the results obtained. Hubbard (1969) 

suggested that the length of inundation alone can influence plant 

response. 

35. Because the climatic differences, soil properties, tidal 

activity, and other biotic and abiotic factors are acting on any 

single site, the collective action might be termed environmental 

metabolism. This collective term would then indicate not simply the 

entities which together form the environment, but the activity and 

interaction of these entities. The components which quantify environ- 

mental metabolism must be examined for each site to draw conclusions 

related to growth response. 

Seasonal patterns 

36. The resulting seasonal patterns obtained in this study were 

similar to those obtained by Wiegert and McGinnis (1975) in three 

South Carolina old fields. Live biomass of several angiosperms (e.g., 

the Georgia S. patens, D. spieata, and S. virginicus). did not demon- 

strate clear seasonality of all components studied because of the 

longer growth period. The raw data do, however, suggest seasonality 

in most components (Appendix C). A cyclic seasonal pattern of the 

nature obtained indicates the stability of the stand (Wiegert and 

McGinnis 1975). 

Sampling problems 

37. In sampling the angiosperms, numerous difficulties arose 

that should be noted. On 17 December 1973, the living Distichh 

spicata in Delaware was zero; however, the live stem density for the 

same month was 700.0 2 94.9 stems/m'. It should be noted that a 
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majority of the living stems harvested consisted mainly of dead por- 

tions (99.0 percent). The stripping of the dead material from the 

living tissue resulted in sample biomass too small for accurate 

weighing. Therefore, the expansion of the data to a square metre 

basis increased the mean number of stems by 100 without an increase 

in the live biomass that could not be determined. 

38. Juncus germdii in Delaware presented similar errors. 

Although inadequate amounts from biomass determination were found, 

the living shoots of Juncus gerardii had a high density in early 

spring. The response of Juncus gerardii was such that it is a cool 

season plant, with early shoot growth during a period when air 

temperatures were still periodically below freezing. An increase in 

dead biomass early in the season in this species was possibly due to 

high mortality of the young shoots during freezes. For whatever 

reason(s), densities of small young shoots were extremely high, but 

living biomass increases could not be detected. 

39. Both the Distichlis spieata and Juneus gerardii discrep- 

ancies were a direct result of inadequate sample size. Minimum sample 

sizes determined in August were inadequate when utilized during the 

winter months. 

Research needs 

40. Although this study might provide additional data for those 

working in marsh systems, additional information on the physiological 

tolerances and the importance of these plants to the total system is 

still needed. Because of the limited area1 extent of these plants, 

they have been neglected in marsh ecosystem studies. If it is the 

purpose of the marsh ecologist to describe, quantify, and model these 

systems, the minor marsh plants must be examined more fully. The 

productivity of these plants must also be examined in more detail. 

41. The baseline information provided in this portion of the 

study indicates that production cannot be determined solely by biomass 

information. However, tidal activity, decomposition rates, and mortal- 

ity, essential components of the salt marsh-estuarine system, must be 
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quantified and assessed with respect to biomass data, This consideration 

is examined in Part ITI. 
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PART III: AN EVALUATION OF DETRITUS FLUX, ESTIMATED NET 

AERIAL PRIMARY PRODUCTTVITY, AND MORTALITY OF 

SELECTED ESTUARINE ANGIOSPERMS IN 

MAINE, DELAWARE, AND GEORGIA 

Introduction 

42. Ecological studies of salt marsh systems along the east 

coast of the United States are prominent in the literature (Wentz 

et al. 1974). Common to even the earliest studies of salt marsh 

vegetation and distribution is the discussion related to the im- 

portance of the tides (Ganong 1903, Harshberger 1911, Johnson and 

York 1915, Conrad 1935, Penfound and Hathaway 1938, Taylor 1938, 

Chapman 1940, Miller and Egler 1950, Jackson 1952, Kurz and Wagner 

1957, Chapman 1974, Adams 1963, Blum 1968). The role of these 

tidally influenced wetlands is documented (Davis 1910, Daigh et al. 

1938, Odum 1961, de la Cruz 1965, Redfield 1965, Waits 1967, Udell 

et al. 1969, Redfield 1972, de la Cruz 1973), and the various pro- 

cesses that contribute to the biological productivity are used to 

estimate the metabolic activity of the salt marsh plant species 

because of their importance in system energetics studies (Smalley 

1958, Odum 1961, Schelske and Odum 1961, Morgan 1961, Teal 1962, 

Good 1965, Stroud and Cooper 1968, Johnson 1970, Kirby 1971). A 

variety of methods have been employed to make such an estimate of 

productivity (Kirby 1971, Singh et al. 1975); however, most studies 

are limited to the primary plants whose area1 extent dominates the 

southeastern coastal marshes (i.e., Spartina aZtezw.ifZora and 

Juneus roemeriunus). Works by Keefe (1972), de la Cruz (1973), and 

Hatcher and Mann (1975) summarized these estimates. 

43. In an attempt to assess production of salt marsh plants, 

studies related to the importance of tidal activity have been ini- 

tiated to acquire more accurate estimates of net primary production 

and detritus flux (Smalley 1958, Kirby 1971, Gallagher and Reimold 

1973, and Reimold et al. 1975). The importance of detritus in the 

coastal waters is well documented (Clark 1946, Jannasch and Jones 1959, 
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Riley 1963, Odum and de la Cruz 1963, 1967, Darnell 1967, Heald 

1969). One method of estimated net aerial primary production was 

developed for grassland systems (Wiegert 1962, Wiegert and Evans 1964) 

which tended to increase earlier estimates because it considered dis- 

appearance of dead material between harvest intervals (Wiegert et al. 

1975, Reimold et al, 1975, Bradbury and Hofstra 1976, Gallagher et al. 

In press). 

44. The purpose of this study was to utilize and evaluate this 

method in the salt marsh in relation to those plant species considered 

as minor, based on area1 extent, as did Reimold et al, (1975) and 

Gallagher et al. (In press) on major salt marsh plants. The study 

was designed to contribute additional information on estuarine tidal 

subsidy related to net primary production of minor marsh plants. The 

results will be useful in studies of energetics and photosynthetic 

response of the selected minor marsh plant species over a broad 

latitudinal range. Detritus flux, net aerial primary productivity, 

and mortality of living plants are also evaluated, These results 

provide a means of value comparison of several ecological attitudes 

of the plants studied and should be used for management decisions 

regarding dredged material disposal. 

Methods 

Site selection 

45. Saline marsh sites in Maine, Delaware, and Georgia were 

selected for study (Figures 1 - 3). Selection criteria included a 

broad latitudinal range (31'19' to 44'34'), logistically feasible 

access within the time allowed for collection and preparation of 

samples (1 week), and laboratory facilities which could be utilized 

for immediate preparation of the samples. Marshes were selected 

which had similar vegetative diversity with monospecific stands of 

the plant species to be evaluated. Subjectively chosen sites were 

preferred in order to limit the effect of varying environmental con- 

ditions, 
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Quadrat size 

46. Optimum quadrat 

material was determined in 

Wiegert (1962). The plant 

size used for sampling aerial plant 

August 1973 according to the method of 

species chosen for investigation, the 

states where they were sampled, and the quadrat sizes used are shown 

in Table 3. 

Plant species 

47. Juncus gerardii stands in Maine were referred to as creek- 

bank where the plants were growling on a steep slope above the Spartina 

altemifZora and as highmarsh where the plants were growing on a 

relatively flat site landward on the creekbank plants, Similar 

differentiation was employed in the Spartina aZtern$'flo~a stands, 

The Juneus gerardii stands in Maine were mixed with another rush 

nearly identical in growth form, Juncus battims. Because of the 

periodic absence of fruiting or flowering structures necessary for 

separating the two during sampling, this stand was treated as a 

monospecific stand of Juneus gerardii. 

48. A majority of the plant species sampled had a limited 

range of growth and were therefore unavailable for sampling in all 

states. Phxagmites conumnis and Spmtina eynosuxoides had a broader 

latitudinal growth range than sampled; however, they were not found 

in an area where sampling could be done based on the criteria dis- 

cussed earlier, Finally, Spartina aZtemifZora was found in all 

locations but sampled only in Maine. Production estimates for 

Spar-ha altemifZora in the southeastern and middle Atlantic 

coastal regions were already well documented in the literature (de la 

Cruz 1973, Hatcher and Mann 1975, Mendelssohn and Marcellus 1976, 

Reimold et al, 1975, and Gallagher et al. In press). Therefore, 

this angiosperm was investigated only in Maine where literature values 

were unavailable. 

Harvest methods 

49. Contiguous paired plots as described by Wiegert and Evans 

(1964) were employed for the collection of the aerial plant material 
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Table 3 

Angiosperms Evaluated, Their Geographic I.ocm 

and Sample Quadrat Size for 

Collection Sites Evaluated 

Quadra size 
Angiosperms Locationa rns 

Distichlis spicata D G 3.01 

Juncus geraxdiib M 0.01 

Juneus geraxdiiC MD 0.01 

Phragmites cononunis D 0.50 

Spartina aZternifZorab M 0.10 

Spartina aZtemifZoraC M 0.10 

Spartina qnosuxoides G 0.50 

Spartina patens MD G 0.01 

Sporobolus virginieus G 0.01 

"M = Maine; D = Delaware; G = Georgia 

b Creekbank. 

'Highmarsh. 
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and litter. Stainless steel hand pruners or dissecting scissors were 

utilized for harvestfng. Dissecting scissors were used on all plots 
2 of 0.1 m or smaller to increase the accuracy of the harvest by poten- 

tially decreasing experimental error in these small quadrats. 

50. Five samples were taken simultaneously within each stand, 

at all locations, and at 56-day intervals from the initiation of the 

study on 27 August 1973 through its termination on 25 August 1975 in 

Delaware and Georgia. Sporobolus virgiizicus sampling was initiated 

in February 1975 in Georgia. Maine sampling was not initiated until 

3 June 1974 and continued until the termination of sampling at the 

other locations. However, because of the severity of the winter and 

the impossibility of accurate sampling during months when the Maine 

site was covered with ice and snow, sampling in Maine was restricted to 

late spring, summer, and early fall. In addition, one 28-day sampling 

interval was necessary to approximate initiation time of spring plant 

growth in Maine. 

51. Plant material harvested in the field was separated into 

live and dead components and placed in polyethylene bags of sizes 

ranging from 0.9 1 to 208.0 l dependent upon the amount of material 

present. Evidence of green material on the stem dictated the selection 

of living plants, and material with an absence of green coloration was 

assessed to be dead. The samples were returned to the preparation 

laboratory at the respective sites immediately following the field 

sampling. Here they were weighed using a Model 2197 Ohaus 5-kg 

balance with a sensitivity of -I- 0.5 g to determine fresh weight values - 
to the nearest 1.0 g. Dead portions of the living plants were stripped 

off and weighed separately. The necessity of subsampling to evaluate 

dry weights was determined based upon the amount of material which 

would adequately fill a 0.9-L jar. Samples harvested in Delaware and 

Maine were packaged and transported by air to Georgia where they were 

placed in jars and dried in a mechanically convected forced draft oven 

at 100' C to a constant weight. All samples were removed from the 

oven when dry and weighed on a Mettler Model Pll, ll-kg-capacity 
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balance with a sensitivity of + 0.05 g. Subsample data were expanded 

to include the complete harvest fresh weights, and subsequently all 

data were expanded to a square metre basis. 

Instantaneous detritus flux rates 

52. Instantaneous detritus flux rates were calculated from 

paired plots (Wiegert and Evans 1964, Reimold et al. 1975, Gallagher 

et al. In press) using Equation 1: 

In (w,/w,> 
r = 

i 
YO 

(1) 

where: r i = detritus flux, g/g/day 

wO 
= dry weight of dead material at time to, days 

w1 = dry weight of dead material at time tl, days 

53. Equation 1 is based on the assumptions that the biomass 

of the two paired quadrats was identical and that the rate of detritus 

flux of the two quadrats was equal. The addition of a tidal parameter, 

not found in an old field, caused a rejection of a third assumption 

made by Wiegert and Evans (1964) (i.e., no additional material could be 

added to the dead material of the second quadrat during the harvest 

interval). This new environmental parameter, experienced by Reimold 

et al. (1975) and Gallagher et al. (In press), but not by Wiegert and 

Evans (1964), permitted both addition of material to the second quadrat 

"dead plots" as well as total removal of dead material from the plot, 

thus the term "detritus flux," as opposed to Wiegert and Evans' (1964) 

"disappearance of dead material." 

54. In order for Equation 1 to work efficiently, it was neces- 

sary for w  0 and w  1 to be nonzero values. Therefore, the value of 1 g/mL 

was added to all dead component biomass values. This procedure allowed 

computation of rates where w  1 
was zero (representing 100 percent dis- 

appearance) as well as where w. was zero (indicating a contribution to 

the plot). Rates were computed based on five observations.for each 

interval in each monospecific plant stand. All statistical computations 
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were conducted according to the method outlined by Snedecor and Cochran 

(1967) and were based on dry weight biomass information. 

Detritus flux 

55. The resultant values were utilized to compute detritus flux 

per interval (Xi) using Equation 2: 

Xi = [ (ai + aivl) 121 riti (2) 

where: a i = standing crop of dead material, g/m2 

a 
i-l = standing crop of dead material at the second harvest, 

g/m2 

r i = instantaneous rate of detritus flux during the interval 

t i = time interval, days 

Annual detritus production was computed by summing monthly values and 

adjusting to obtain a yearly estimate. 

Primary production and mortality 

56. Estimated net aerial primary production and mortality were 

computed according to the procedures outlined by Wiegert and Evans 

(1964) and Gallagher et al. (In press). Mortality was computed as the 

change in dead biomass (Aa) plus the amount of material that disap- 

peared during the harvest period. Net aerial primary production was 

then calculated as the change in living biomass (Ab) during the harvest 

interval plusthe concomitant mortality value. In addition, it had been 

suggested by Wiegert and McGinnis (1975) and Gallagher et al. (In press) 

that the instantaneous detritus flux rates be averaged for the study 

period and utilized for computations of net aerial primary production. 

Both methods were utilized and are discussed later. 

57. The difficulty encountered in Maine relative to sampling 

consistently at 56-day intervals resulted in utilizing only the 

average of the detritus flux rates except during those periods when 

the rates were significantly different. The data were integrated 

for the 2-yr period to express changes at monthly intervals. The 

196-day interval from 24 September 1974 to 7 April 1975 was carefully 

evaluated and adjusted to values of zero or near zero for this period 
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when no living material was apparent. 

58. As a third means of estimating production via this method, 

Delaware and Georgia values were also adjusted when negative values 

of mortality or production were obtained. The procedure was based 

on the following criteria applicable to Equation 2, production and 

mortality estimates: 

a. Values of ri and Xi were utilized as accurate 

values related to detritus flux. 

b. If production or mortality values were negative, the 

values were computed as follows: 

1) If Ab was positive and Aa was positive, Xi 

was assumed to be zero; mortality was equivalent 

to Aa; and production was Aa + Ab . 

2) If Ab was positive and Aa was negative, X i 
was equal to Aa;mortality was zero; and 

production was equal to Ab . 

3) If Ab was negative and Aa was negative, X i 
was equal to the absolute value of Ab + Aa ; 

mortdlity was equal to X. + (-Aa> ; 

tion was mortality plus ;-Ab) . 

and produc- 

4) If Ab was negative and ha was positive, X i 
was equal to zero; mortality was Aa ; and pro- 

duction was Aa + (-Ab) . 

59. The procedure described in the preceding paragraph was not 

utilized in more than 4 of the 14 samples in Delaware and Georgia for 

each species. These procedures were adopted from Smalley (1958) re- 

defining the terminology in terms of Wiegert and Evans (1964). 

-1 estimates 

60. Environmental metabolism and resultant variability of de- 

tritus flux rates were such that it was difficult to detect clear 

seasonal patterns for monthly productivity estimates. Therefore, 

in order to obtain expandable estimates, final net aerial primary 

production estimates werea result of averaging the values for all 

three methods utilized. The tidal variability that demanded this 
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treatment of the data is discussed in detail in the following section. 

Frequency of inundation 

61. Using a Zeiss Model Ni2 self-leveling level and a Phila- 

delphia Model C metric rod, elevations from nearby benchmarks, 

corrected to tidal data from the nearest National Ocean Survey Primary 

Tide Stations, were run to adjacent salt marshes. Fifty elevations 

were taken within each stand at each location. Elevation frequency 

plots were constructed for each of the plants in each of the three 

locations relative to mean sea level (msl) and the percent of the 

tidal range (between mlw and mhw) above mlw. These elevations served 

to verify or cause rejection of earlier assumptions relative to the 

potential frequency of inundation. 

62. Pertinent tidal and climatological data were obtained 

from the National Oceanographic and Atmospheric Administration (NOAA) 

for areas closest to the collection sites (Appendices A and B). 

Test Results 

Tidal influence 

63. In order to adequately evaluate the Wiegert and Evans 

(1964) methodology, it was necessary to consider the tidal parameter 

influencing the plant stands. Maximum tidal range (3.20 m) was 

found in Maine (Table 4), where most of the plants were growing at 

elevations below mhw (none of the Delaware or Georgia plants ex- 

cept Spartina eynosuroides had their lower elevation limit below 

mhw). The plant frequency of occurrence for 50 elevation measurements 

in each stand is shown in Figures 18 through 20. For comparative 

purposes, these frequency distributions also include Spartina aZterni- 

flora (Delaware and Georgia), Juncus roemerianus (Georgia), Salicomia 

virginiea (Delaware and Georgia), Carex sp. (Maine), and Sci2rpus 

americanus (Georgia). This information suggests that the potential 

of tidal influence is greatest in the Maine stands. This becomes a 

significant consideration in evaluating the net aerial primary produc- 

tion estimates utilizing the Wiegert and Evans (1964) method as will 

be discussed. In addition, the tidal amplitude suggests increased 
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Table 4 

Elevation Rangesf Above Mean Low Water for Each Angiosperm 

and Its Sample Location Based on Tidal Qattim 

Angiosperm Mainea 

Location 

Delawareb GeorgiaC 

B. frutescens 

D. spieata 

I. frutescens 

J. gerardii (C)d 

J. germdii (H)e 

P. comnunis 

S. aZternifZora (C)d 

S. aZtemiflora (H)e 

S. qnosuroides 

S. patens 

S. virginicus 

- -g 

- - 

2.94-3.95 

3.53-3.09 
- - 

2.32-3.01 

2.43-2.80 
- - 

2.86-3.12 

- - 

- - 

1.35-1.38 

1.30-1.59 

1.30-1.59 

1.42-2.96 

2.25-2.49 

2.54-2.74 

2.71-2.84 
- - 

- - 

1.34-1.48 
- - 

- - 

2.13-3.16 

2.92-3.04 

2.90-3.11 

f 
In metres. 

a 
mhw = 3.20 m; mlw = 0.00 m. 

b mhw = 1.25 m; mlw = 0.00 m. 
C 

mhw = 2.13 m; mlw = 0.00 m. 
d Creekbank. 

eHighmarsh. 
g 

Indicates plant species not present. 
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J. gerordii 
Highmorsh 

J. gerardii 
Creekbank 

S. patens 

S. alterniflora 
Creekbank 

t 
S. olterniflora 
Highmarsh 

PLANT ELEVATION FREQUENCY DISTRIBUTION FOR MAINE 

SALT MARSH PLANTS 

Figure 18. Salt marsh angiosperm plant elevation 

frequency distributions for Maine 
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s alterniflora 
Highmarsh 

S. cynosuradsr 

J. qerardii 
and 

Lfrutescens 

D. spicola 

PLANT ELEVATION FREQUENCY DISTRIBUTION FOR DELAWARE 

SALT MARSH PLANTS 

Figure 19. Salt marsh angiosperm plant elevation frequency 

distributions for Delaware 
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potential of storm or spring tide flooding with increasing tidal 

amplitude. 

Dead plot activity 

64. A summary of w0 and wl mean values (Table 5) was 

utilized to approximate the dead plot activity on an average basis. 

The method designed by Wiegert and Evans (1964) is effective only 

for those systems which are in a steady state. Information on w0 

and w1 indicated that in all instances the initial dead sample 

b,) was greater than the second dead harvest (wl) except in 

Phragmites comnis. Thus, Phragmites comnunis was accumulating 

material at an estimated rate of 0.9 mg/g/day or 3.1 g/m2/day. Its 

establishment on dredged material was apparently recent when com- 

pared to the other plant stands where DistichZis spicata, for ex- 

ample, only occurred in the oldest of marshes (Kerwin and Pedigo 

1971). Therefore, it must be concluded that Phragmites corrununis is, 

at present, not in a steady state. One must assume that disappear- 

ance of the dead material would be mandatory to adjust for production 

during the year. Should such an occurrence not take place, in- 

stability of the stand is suggested. 

Removal of dead material 

65. The percent of w. which on an average basis for 2 yr 

disappeared (Table 5) in Maine generally indicated higher percentages 

that correspond directly with tidal amplitude and tidal elevations 

(Table 4) for these stands. The percentage of w. that disappeared 

in the Maine creekbank stands was twice that of the highmarsh stands. 

The steep slope and low elevation of the creekbank resulted in longer 

periods and increased frequency of inundation at these locations. 

Because of both the vertical rise and fall of the tides and horizontal 

flow over the stands, increased disappearance of dead material resulted. 

66. The highest percent removal was in the creekbank Spartina 

alternifZora, which had the lowest elevation (Table 4) and greatest 

slope. The lowest percent removal in the five Maine stands was in the 

highmarsh Juneus geraxdii where this angiosperm was noticeably 

separated from the other stands by a "Juncus levee" (Miller and 
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Table 5 

Summary of Mean Dry Weight Data for the 2-yr Sample Period, 

Percent Removal of Dead Material in the Initial Sample, 

and Estimated Instantaneous Rates of Detritus Flux 

w,(c) w, Cd) Average Ti Ce> 
Angiosperms 
and location 

MAINE 

Juncus gerardii (Cja 

Juncus gerardii (H>b 

Spartina alterniflora (C>a 

Spartina alterniflora (H)b 

Spartina patens 

DELAWARE 

Distichlis spicata 

Juneus gerardii 

Phragmites communis 

Spartina patens 

GEORGIA 

Distichlis spicata 

Spartina cynosuroides 

Spartina patens 

Sporobolus virginicus 

U I 
‘1 Percentage mg/ii/ 

g/m2 g/m‘ Removal - day 

326 102 60 

90 58 34 

78 12 84 

373 218 42 

1281 751 41 

693 468 32 7 

400 245 39 9 

3105 3276 -5 -1 

587 392 33 7 

742 389 48 12 

1357 988 27 6 

565 310 45 11 

109 40 63 18 

aCreekbank. 
b 
C 

Highmarsh. 

d 
wO = mean dead biomass of initial haryest 

WI = 
e 

mean dead biomass at second haryest C56 days later) 

r. = 1 estimated instantaneous rate of detritus flux 
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Egler 1950) which allowed only the highest of tides to flood the site. 

The average percent removal was lowest in Delaware, again corresponding 

to the elevation of the stands and the tidal amplitude at this site. 

67. It was also necessary to consider that assumably, the rate 

of decomposition is rapid for a longer period of time. This factor 

would suggest an increased percent removal in the Georgia site when 

compared to either Maine or Delaware. However, the removal percent- 

ages are more likely to be dominated by the effect of their respec- 

tive tidal elevations in the Maine site, a parameter considered to be 

of greater significance than decomposition in Maine in dictating re- 

sultant disappearance of dead biomass. All of the sites were subject 

to extreme high tides that can significantly affect the rate at which 

dead material is removed for any given harvest interval. 

Removal of live material 

68. The influence of tidal movement required that the assumption 

ofwiegertand Evans (1964), regarding removal of the living material 

from the dead plot not significantly influencing the rate of disappear- 

ance, be questioned in these estuarine systems. Initially, most of 

these species were assumed to be highmarsh angiosperms where tidal 

influence would be minimal (Adams 1963), and such an assumption would 

be potentially valid. However, the elevation data clearly demonstrated 

(Figures 18-20) the invalidity of such an assumption, particularly 

in Maine. Therefore, the smallest possible sample size was utilized 

in instances where dense stands of stems were present (i.e., Distichlis 

spicata, Juncus gerardii, Spartina patens, Spartina a ZternifZora, and 

Sporobolus virginicus). 

69. It was assumed that the removal of live material from a 

small plot within a dense stand would allow the remaining dead material 

to be carried only to the edge of the plot where it would meet sub- 

stantial resistance. However, in Maine the tides submerged these plants 

more frequently (Table 5 and Figure 18) than the other sites (daily as 

opposed to sporadic occurrences), thus allowing the material to rise to 

the surface of the water and float free, thereby inflating the ri 

values. These values are then relative values which coincide with 
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tidal amplitude activity and elevation limits of the angiosperms. 

70. Tidal activity would tend to increase production esti- 

mates, particularly in Maine, since the removal of the living 

material at time tO altered the system in a manner that decreased 

resistance to dead biomass removal by the tides. How much of an 

inflation this would cause needs further study; in addition, more 

frequent sampling is needed because of the short growth period and 

additional elevation data on each sample plot are needed. Elevation 

data by plot would allow a removal potential to be computed with 

respect to tidal influence and final values of production could be 

adjusted accordingly. 

Detritus flux 

71. The mean rates of detritus flux (Table 6) indicated that 

observations made concerning w. and 
w1 

values were valid (i.e., 

Maine generally had higher rates of flux followed by Georgia, then 

Delaware). The percent of the total ri monthly means that were 

negative (Table 6) indicated similar results for all the stands. Only 

Delaware Distichlis spicata and Maine creekbank Spartina aZtemifZora 

had no negative ri values. Phragmites comnis had the most nega- 

tive r i 
values as might be expected based on its accumulation 

status. 

72. Both heterogeneity of the areas and the potential for 

tides to move dead material into the dead plots could result in nega- 

tive rates of detritus flux. Heterogeneity was probably a secondary 

cause when compared to tidal influence in this case. Mean rates 

of detritus flux (Table 6) were generally higher than the ri values 

shown in Table 5. The ri results in Table 5 were utilized only as 

an indication of the trends that might result in the r i values. 

However, due to the variability of the r i' 
it might best be com- 

puted by w. and wl means for the study period. The fact that ri 

values were computed as an exponential loss rate may negate its valid- 

ity as an appropriate component of the salt marsh system where erratic 

tidal influence would initiate a loss rate that could not be assured 

to be potential. 

73. Most values of a (average dead biomass, Table 7) were in 
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Table 6 

Summary of Instantaneous Rates of Detritus Flux Data and 

the Percentage of ri Values That Were Negative by 

Species and Location 

Angiosperms r i w/g/day 

Percentage 

Negative 

and locations 

MAINE 

Juncus gerardii (C)a 

Juncus gerardii (H)b 

Spar-t&a aZternifZora 

Spartina aZterniflora 

Spartina patens 

DELAWARE 

Distichlis spicata 

Juneus geraxdii 

Phragmites eonmunis 

Spartina patens 

GEORGIA 

Distiehlis spicata 

Spartina eynosuroides 

Spartina patens 

Sporobo Zus virginieus 

Min. 

-10.0 65.9 32.4 

- 0.8 55.7 14.3 

(Oa 8.5 67.2 34.8 

(Hjb -10.3 30.9 12.3 

-13.3 84.0 14.5 

1.4 17.7 6.8 0.0 

- 9.6 27.1 8.6 21.4 

-11.0 13.0 0.9 42.9 

- 0.8 52.8 11.3 7.1 

- 4.6 36.3 13.0 14.3 

-38.9 64.6 9.1 21.4 

- 1.3 30.3 11.6 14.3 

- 2.5 66.5 23.1 9.1 

Max. Mean Li values 

14.3 

20.0 

0.0 

33.3 

33.3 

b Highmarsh. 
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excess of mean wO values (Table 5) since they included dead portions 

from living stems. Those values of w. which exceeded a values 

were a result of the averaging process. However, the close similarity 

between a and w. values indicated that the assumption made by 

Wiegert and Evans (1964) that the two plots (i.e., the clear-cut 

harvest plot and the adjacent dead plot) were identical was 

reasonable. 

Disappearance of material 

74. The importance of the i-lstantaneous rates was observed when 

utilizing the rates to compute the amount of material disappearing 

(Xi) during the year. This procedure is heavily weighed by the aver- 

age amount of dead material present during each interval and the 

instantaneous rate of detritus flux previously discussed. Values for 

Xl (Table 7) portray the yearly estimates of material disappearing 

from each stand utilizing the observed r. values for each interval. 1 
The high average rates do not always indicate high amounts of dis- 

appearance in Georgia, but the smallest amount of material disappearing. 

The value for Sporobok virginicus was a result of material being re- 

moved by high tides, where the short height of the plant did not pre- 

vent material from rising and floating free. 

75. Values for X2 (Table 7) were computed utilizing the adjust- 

ment criteria discussed in the methods that deleted the influence of 

negative rates. In most instances, this procedure decreased the amount 

of dead material disappearing. Relative to the dead plots, this de- 

crease was not accurately accounting for the material being removed. 

Because of increased potential removability (i.e., the absence of 

living material in the dead plots permitting increased tidal influence 

to remove excessive dead biomass), one additional sample in each of 

the three stands showing a decrease was altered to correct for this dis- 

crepancy. Maine Spartina patens, for example, indicated a disappear- 

ance of 1769.2 g/m2 during the winter. This resulted in a winter 

production of 1556.2 g/m2 when it was obvious that little or no 

production may occur in winter (Bernard, 1974). Therefore, produc- 

tion was assumed to be zero and the amount of material that disappeared 

during that interval was adjusted to 213.0 g/m2. This value (213.0 g/m2) 
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was computed by assuming the standing live biomass at time t 0 declined 

to zero (a = -700 g/m2), and this amount was contributed to the standing 

dead at time tO * Therefore, the disappearance was the adjusted 

change in dead biomass or 213.0 g/m2. This situation provided addi- 

tional evidence that the Wiegert and Evans (1964) methodology was over- 

estimating Maine production, particularly when large time intervals 

separated the harvests. The Spartina cynosuroides alteration was em- 

ployed to eliminate one extremely high value of disappearance that was 

in excess of the standing crop (live plus dead) and, therefore, 

unreasonable. 

76. Since these alterations were necessary, in addition to 

alterations resulting from values with negative instantaneous rates 

of detritus flux and instances where negative production and mortality 

occurred, the percent of the total values used for Xl that were 

altered to compute X2 were calculated (Table 8). An examination of 

the X 1 and x2 values (Table 7) and a consideration of the number 

of adjustments (Table 8) indicate the severity of those changes. The 

adjustments necessary which were not explained by the negative in- 

stantaneous rates of detritus flux are also indicated (Table 8). Most 

of the additional adjustments were computed because the change in 

dead standing crop was greater (-Aa) than the amount of dead material 

disappearing. In these instances, the instantaneous rate of detritus 

flux was an underestimate, which may create an overall balance of 

values over an extended period. 

Primary productivity 

77. Production values (P) were computed by three methods 

(Table 7). Values of Pl were a result of adding both negative and 

positive values arithm,etically based on monthly ri values. Values 

of p2 were estimated utilizing the Smalley (1958) modification as 

were the x2 and M 2 values. Values of p3 were a result of a 

computation suggested by Wiegert and Evans (1964) where an estimate 

of the mean dead biomass times the mean rate of disappearance was 

utilized. The highest variability in these values was in the Phragmites 

conanunis stand, which was determined earlier not to be in a steady 
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state. Values for other species, although variable, were quite similar 

in comparison to those of Phragmites conununis. Mortality values 

(Table 7) were computed as x1 
and P 

1 as well as x2 and p2 for 

M1 
and 

M2 ' 
respectively. 

78. Those values observed in Table 9 are a result of averaging 

the values found in Table 7. Because of the differences between computa- 

tion methods, averaging was necessary to adjust the estimates to one 

single estimate for each component in order to compute estimated pro- 

duction (EP) for Table 9. The EP value was computed on several assump- 

tions: 

a. If the plant stand was in a steady state, then the - 
amount of material being produced is equal to the 

amount of material being removed. This assumption was 

supported by the results of work done by Wiegert and 

Evans (1964) and Wiegert and McGinnis (1975). 

b* If the plant stand was in a steady state and in general 

the plants produced in a year die, then mortality should 

equal production. This assumption was supported by the 

data and by biomass information on the aerial portion 

of the plants investigated (Part II). 

Therefore, these assumptions lead to the conclusion that X = M = P, 

I.e., the amount of material disappearing (X) is equal to the amount 

of material produced (P). Because of the variability involved in 

the procedures, it appeared most reasonable to average these final 

values to get an appropriate estimate of net aerial primary production. 

79. The harvest procedure of Wiegert and Evans (1964) was 

initiated because it was believed that much of the influence of tidal 

inundation and decomposition was being overlooked by simply evaluating 

apparent production based on the living standing crop. To evaluate 

how much production potentially remains unnoticed by maximum standing 

crop methods, the maximum standing crop of living material ( b , Table 

9) was recorded. This value was divided into EP and the results were 

recorded in Table 9 (EP/b). Based on this procedure, much of the 

production computed here would have gone unnoticed. The validity of 

Georgia values was the most difficult to assess, since at no time during 
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the study did the living biomass decline to zero. Thus, it appeared 

that production continued throughout the year in Georgia during this 

study. Maine values clearly appeared to be overestimates of produc- 

tion; however, only a more complete evaluation of the r 
i 

component 

would justify this assumption. Delaware turnover values were similar 

to those found by Kirby and Gosselink (1976) in their study of the 

Louisiana Spartina alternifZora marsh. 

Discussion 

80. The method outlined by Wiegert and Evans (1964), Reimold 

et al. (1975), Kirby and Gosselink (1976), and Gallagher et al. (In 

press) appears to approach the difficulties of estimating net primary 

production in a manner applicable to a grassland system. These pro- 

cedures remain questionable in an estuarine system with environmental 

variables not present in the old field system for which the method 

was designed. It was felt that these data unquestionably show the 

influence of tidal activity and may negate the use of the exponential 

rate function r i' 
which is a dominating component of the production 

estimates. Therefore, the assumptions that must be made for grasslands 

cannot be made in salt marshes; however, the estimates obtained from 

evaluating the dead material contributed to the estuarine system, 

either through tidal disappearance or decomposition, were necessary to 

examine the potential of an estuarine system (Kirby 1971). 

81. Additional information must be gathered on the expected 

life span of individual plants considered in this study. With this 

additional information, one could feasibly examine the potential 

production of the estuarine plant species to compare to the estimates 

being gathered. Until such information is made available, it will be 

difficult to indicate the precision of these estimates. All of these 

values could be overestimates of net aerial primary production; how- 

ever, since net aerial primary production values are all estimates, 

the true value remains to be validated for any location utilizing 

a method applicable to the marsh system. 

82. Part IV compares estimated net primary production harvest 
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methodology indicating that no method presently developed is completely 

adequate for the estuarine ecosystem. Lomnicki et al. (1968) suggest 

a modification of the Wiegert and Evans method in which the dead 

material is removed in a manner that assumes that its removal does 

not significantly influence the rate of mortality. In the estuarine 

system this assumption might be more acceptable than those indicated 

by Wiegert and Evans (1964); however, to date, no one has verified the 

method for the salt marsh system. 

83. Gallagher et al. (In p ress) suggested that the application 

of Wiegert and Evans (1964) methodology to marshes in the more northerly 

Atlantic coast sites would raise production estimates as it did in the 

lower latitudes. However, they also suggested that although production 

values would rise, the lower latitudes would still persistently have 

higher values. Latitude was suspected to have a significant influence 

on the performance of the plant species investigated; however, as 

suggested by Hatcher and Mann (1975), localized environmental para- 

meters (e.g., nutrients and elevation) may be more directly responsible 

for growth when comparing a limited number of stands as in this study. 

84. More information is required on the physiological responses 

of the plant species investigated here to determine optimum habitat. 

Such studies might conclude that the prevailing environmental metabolism 

of the Maine marshes may be more suitable for optimum growth of many 

of these plant species, thereby validating the results of this study. 

85. Odum (1961) and Odum and Riedeburg (1976) suggested that 

"tidal subsidy" was important in categorizing production in height 

forms of Spartina alterniflora. Based on tidal elevation data of the 

plants investigated, this theory is supported by the resulting produc- 

tion estimates and it may apply to a much broader range of plants 

than suspected. However, discrepancies between values of apparently 

productive minor marsh plants and estimates of Spartina alternifllora 

production indicate that this theory may only hold for a single 

species in a localized area and not between species or widely varied 

locations. Although these primary productivity values are consider- 

ably higher than those previously published in the literature (Harper 

1918, Waits 1967, Udell et al. 1969, Johnson 1970, Stuckey 1970, 
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Walton 1972, Gallagher and Reimold 1973, Nixon and Oviatt 1973a,b, 

Reimold et al. 1973, Wallentinus 1973), it appears that the present 

approach might more closely approximate the true net aerial primary 

production. 

86. Kirby and Gosselink (1976) concluded that the Wiegert 

and Evans (1964) method possibly yielded the closest estimate to the 

true net aerial primary production, since other harvest methods com- 

monly utilized in salt marsh systems are underestimates of net primary 

production. The Wiegert and Evans (1964) method was, however, observed 

to be a potential overestimate indicating that the true net aerial 

primary production, exclusive of leaching and herbivory, is an 

intermediate value between this method and others. 

87. The complexity of the salt marsh system and the extreme 

variability between methodology (Kirby and Gosselink 1976, Part IV) 

provide evidence that more work is still required to acquire precise 

production estimates. Therefore, it appears that studies involving 

detailed and complex sampling that concentrate on the environmental 

parameters unique to the system are a necessity. Presently, the 

method designed by Wiegert and Evans (1964) used in conjunction with 

tidal data, physiological tolerance information on the plants being 

investigated, and knowledge of the system, in general, affords the 

most feasible means of obtaining more precise estimates. The esti- 

mates of this study must serve as a suggestion that net aerial primary 

production could be considerably higher than previously suggested in 

the literature. 
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PART IV: EVALUATION OF NET AERIAL PRIMARY PRODUCTION 

ESTIMATION METHODOLOGY FOR SELECTED 

ESTUARINE MACROPHYTES 

Introduction 

88. Common to most ecological studies is an analysis of the 

metabolic activity of the primary producers in terms of net primary 

production. Resulting values of annual net primary production (ANPP) 

are questionably comparable because of temporal, spatial, and method- 

ology differences. As ecosystem modeling becomes more refined, com- 

parisons of various systems will be useful. Therefore, it is neces- 

sary that considerable emphasis be placed on methodology related to 

the collection and treatment of data so that systems analysis compari- 

sons are feasible. 

89. The problem of employing different techniques to estimate 

a single component of a system appears to be more and more obvious 

in the literature. The problem is confined not only to different 

techniques for different systems, but it is common to see various 

methodologies to evaluate a similar system in two locations. The 

salt marsh-estuarine system is no exception. 

90. Kennedy (1972), Singh and Yadava (1974), and Singh et al. 

(1975) have assessedmethodsof estimating ANPP in grasslands. Their 

approach has been statistical as well as biological in order to 

determine the best and most comparable methods presently available. 

91. The relationship for each method used by Singh et al. 

(1975) in the grasslands is not necessarily applicable to the estu- 

arine system where additional environmental parameters (e.g. the 

tides) are a significant influence. Kirby (1971) has discussed 

advantages and disadvantages of a variety of methods utilized in 

wetland systems. However, to date, no standard method is utilized 

in either system, grasslands or wetlands. 

92. This part of the report evaluates several methods of 

ANPP estimation and presents the resulting quantitative data for a 

number of salt marsh macrophytes in Maine, Delaware, and Georgia. 

A statistical approach has not been taken; however, the resulting 

data will allow comparisons of presently existing values of estimated 
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net aerial primary production for salt marsh angiosperms. In addition, 

the extreme ranges produced by the methodology will be an attempt to 

support the need for a standard method with considerations of acquiring 

the most accurate and ecologically meaningful estimates. 

Methods 

93. Information necessary to compute production for six salt 

marshes along the eastern coast of the United States (Maine, Delaware, 

and Georgia) was collected. Selection criteria and site locations 

for obtaining that information in the field were reported in Parts II 

and III. Aerial plant material was harvested utilizing contiguous 

paired plots as described by Wiegert and Evans (1964) and Reimold 

et al. (1975) (see Part II and Part III). The angiosperms chosen 

for investigation and their location are shown in Table 10. Seasonal 

biomass information and seasonal production results based on Wiegert 

and Evans (1964) methodology were presented in Part III. Only mono- 

specific stands of plant species were evaluated in these studies. 

94. Five methods of computing annual net production in salt 

marsh systems were selected for comparison. The difficulties of 

placing appropriate statistical tests on production estimates are 

well known. Therefore, it was assumed that the values to be pre- 

sented were relative values, representative of the angiosperms investi- 

gated. The information collected for each angiosperm was dependent on 

identical technique and measurement of identical components for each 

species. For the purpose of the discussion, it was assumed that 

the monthly averages were without error, an assumption that will be 

discussed later. 

95. All data collected from Maine were integrated to produce 

data at monthly intervals for 1 yr (Part III). Phragmites communis, 

Sporobolus virginicus, and Iva frmtescens (Georgia) data were utilized 

from February 1974 through January 1975 because of late initiation of 

samples in the Sporobolus virginicus and Iva frutescens stands and 

because of site relocation of Phragmites communis. All other data 

were bimonthly samples collected from 27 August 1973 through 25 August 

1975 and the resulting ANPP values were divided by two to get an 
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Table 10 

Angiosperms Evaluated and Their Geopraphic Location 

Angiosperms Locationa 

Bomichia fmtescens 

DistichZis spieata 

Iva frutescens 

Juneus gerardii (Clb 

Juncus gerardii (HI‘: 

Phragmites conmunis 

Spartina aZternifZora (Cjb 

Spartina altemiflora (H)' 

Spwtina eynosuxoides 

Spartina patens 

Sporobo lus virginims 

G 

D G 

D G 

M 

MD 

D 

M 

M 

G 

MD G 

G 

% = Maine, D = Delaware, G = Georgia 
b Creekbank. 

'Highmarsh. 
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average ANPP for the 2-yr period. 

Review of ANPP Methodology 

96. An excellent review of ANPP methodology was presented by 

Singh et al. (1975) with relation to grassland systems. The method- 

ology presented there does not change for the estuarine system; 

however, interpretation and criticism of the results varied. There- 

fore, only those methods utilized in this study are briefly presented 

in terms of basic methodology for convenience of comparison. In 

addition, a more recent ANPP estimate procedure developed by Valiela 

et al. (1975) is also discussed here. 

Method 1 - peak standing crop 

97. Method 1 entailed selecting the peak standing crop of 

living material from the harvest data for each year, taking the mean 

of the two peaks, and utilizing the resulting value as the ANPP value. 

Since plants of the nature studied gain and lose leaves throughout 

the season, this method was considered to result in an underestimate 

of ANPP. This procedure is commonly used in agriculture to determine 

yields of economically important crops (Milner and Hughes, 1968). 

Method 2 - Milner and Hughes (1968) 

98. Method 2, suggested by Milner and Hughes (1968), involved 

summing the positive changes in the standing crop of living material 

(Ab) between intervals for a l-yr period. The equation is presented 

by: 

ANPP = ~ (Abi) (3) 
i=l 

Method 3 - Smalley (1958) 

99. Method 3, presented by Smalley (1958), is the most widely 

used method of net production estimation utilized in marsh systems 

(Kirby 1971). Determinations of both living and dead standing crop 

biomass were utilized and production was computed as follows: 

a. If there were both an increase in the standing crop of - 
living material and an increase in standing crop of 

dead biomass, the net production was the sum of the 
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increases. 

b* If both living and dead standing crops decreased, then 

production was zero. 

C. - If the standing crop of living biomass increased and 

the standing crop of dead biomass decreased, production 

was equal to the increase in the living material. 

3. If the amount of dead material increased and the amount 

of living biomass decreased, they were added algebra- 

ically; if the result was negative, production was 

zero; and if the result was positive, the resulting 

value was equal to production. 

The sum of the resultant values for the above assessment represents 

ANPP. 

Method 4 - Valiela et al. (1975) 

100. Method 4, presented by Valiela et al. (1975), was a 

procedure involving cumulative measurements of production in a sequence 

of sampling intervals. They determined that the standing crop varied 

little from year to year; therefore, the sum of the losses of dead 

material over a growing season should equal net annual aboveground 

production. This was a necessary assumption because growth, death, 

and disappearance of dead material took place between their sampling 

intervals. The amount of plant biomass e that died and was not in- 

cluded as dead standing crop was calculated as follows: 

e = -Ad, if Al>0 and Ad<0 (4) 

e = (Al + Ad), if Al< 0 (5) 

where Al was the change in live standing crop between any two sampling 

dates and Ad was the change in standing dead material for the same 

interval. 

101. Values of e could never be negative because Valiela et al. 

assumed that only live biomass in the plots contributed to the standing 

dead material component. Therefore, should a negative e result, the 

values were set equal to zero. The e values computed were summed to 

get estimated yearly production. 
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Method 5 - Wiegert and Evans (1964) 

102. Method 5, suggested by Wiegert and Evans (1964), was the 

most involved procedure utilized. This procedure was specifically 

designed for grassland systems; however, it had recently been utilized 

in wetlands (Reimold et al. 1975, Gallagher et al. In press). This 

method requires an additional consideration, relative to the other 

methods, in computing ANPP (i.e., the disappearance of dead material). 

103. Wiegert and Evans suggested that if the dead material is re- 

moved from a given area and weighed w0 at time 
t0 ’ 

and if the dead 

material from a second area identical in size to the first is removed 

and weighed wl at time tl ' the instantaneous rate of disappearance 

of dead material from these plots could be computed as: 

r = ln (wo’wl) (6) 
i 5 - tO 

where r. = disappearance rate, g/g/day, and (tl - to) is in days. 

li4. To minimize the error involved in the paired-plots method, 

the living vegetation on each of the two paired quadrats was removed 

by selective clipping. Quadrats were paired in a manner such that 

they shared a common border. One plot was then selected at random 

and the dead material was removed w  0 * 
After a known time interval 

t1 - to , the site was revisited and the dead material was removed 

from the remaining plot wl . 

105. Utilizing these results, the amount of dead material 

disappearing during an interval X. was computed as follows: 
1 

'i = 1 (ai + aivl)/21 riti 

where a i 
= standing dead material at the end, 

a i-l = standing dead material at start, 

t. = 

10;. 

interval, days. 

Changes in standing crops of living (Abi) and dead 

material (Aa,), respectively, were computed as follows: 

Abi = bi - bi 1 

(7) 

(8) 

(9) Aai = ai - ai-1 
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107. Finally, mortality d 
i 

was computed as: 

di = Xi + ai 

and production Y i was computed as: 

Yi = bi + di 

The sum of the Yi values results in an estimate of ANPP. 

(10) 

(11) 

Results and Discussion 

108. A summary of maximum and minimum live and dead standing 

crops for the plants evaluated is presented in Table 11. The re- 

sulting estimates of ANPP by method (Table 12) should be utilized to 

clarify the following discussion. 

Method 1 

109. Method 1 (Peak Standing Crop) assumes that there is no 

carry-over of living material from one year to the next. The assump- 

tion would be valid for Delaware and Maine, but not for Georgia. 

Therefore, not only geographical location must be considered, but a 

consideration of the morphology of plant species is also necessary. 

Bortichia frutescens and Iva frutescens were woody plants and carry- 

over of living material occurred. Therefore, as suggested by Ovington 

et al. (1963) and Singh and Yadava (1972), the lowest value of standing 

crop should be subtracted to account for carry-over growth. Since 

the method did not take into account mortality between harvest inter- 

vals nor did it consider disappearing material between intervals, it 

results in a severe underestimate of net aerial primary production. 

Method 2 

110. Method 2 (Milner and Hughes 1968) resulted in ANPP esti- 

mates that were lower in Georgia than those for Method 1. This was 

a direct result of the living component never declining to a zero 

biomass value. Therefore, the increment differences were small in 

relation to the maximum living material present at any single peak. 

In Delaware and Maine, the ANPP estimates from Methods 1 and 2 were 

nearly identical. This was again in response to the living component 

which declined to zero during the winter. Therefore, the sum of the 
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Table 11 

Summary of Minimum, Maximum, and Ranges for Dry Weights 

of Living and Dead Aerial Plant Material by 

Species and Locarion 

Angiosperms Min Max Range Min Max Range 

Maine 

J. germ&i (C)E 
J. gerardii (H) 
S. alternifZora (C)t 
S. alterniflora (H) 
S. patens 

0 644 644 34 1050 1016 
0 244 244 22 432 410 
0 431 431 20 431 411 
0 245 245 187 641 454 
0 912 912 132 2124 1992 

Delaware 

D. spicata 0 1142 1142 248 1302 1054 
I. fmtescens 427 1491 1064 107 565 458 
J. gerardii 0 560 560 182 748 566 
P. comnis 0 965 965 1464 3051 1587 
S. patens 0 962 962 354 962 608 

Georgia 

B. frutescens 648 1860 1212 184 291 107 
D. spicata 128 458 330 331 1260 929 
I. fmtescens 116 1288 1172 538 1396 858 
5'. cynosuroides 4 2176 2172 291 2584 2293 
S. patens 176 980 804 236 1324 1088 
S. virginicus 39 262 223 80 316 236 

Live Material Dead Material 

aCreekbank. 
b Highmarsh. 

NOTE: All measurements are in g/m2. 
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Table 12 

Values of ANPP by Method, Location, and Species 

Angiosperms 

Maine 

J. gerardii (C)z 
J. gerardii (H) 
S. aZternifZora (C)t 
S. ai?temifZora (H) 
S. patens 

Delaware 

D. spicata 856 864 1274 1191 
I. frutescens 1372 1319 1723 1633 
J. gerardii 524 524 884 775 
P. conummis 920 965 1501 3203 
S. patens 807 522 980 1241 

Georgia 

B. frutescens 1555 1045 1119 1379 
D. spieata 395 283 1258 988 
I. frutescens 1227 1023 1847 2298 
S. eynosuroides 1920 1866 2789 1742 
S. patens 946 705 1674 1028 
S. virginicus 262 220 316 447 

Method by locationC 

1 2 
- - 

3 4 5 

644 634 1940 1940 4027 
244 244 562 463 616 
431 431 758 758 1602 
246 246 763 662 1611 
912 912 3523 3523 5833 

2017 

1540 
1749 
2753 

4378 

6039 
3925 
1387 

aCreekbank. 
b Highmarsh. 

%nnbers refer to method numbers as cited in text. 
NOTE: All values presented in grams per square metre per year. 
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positive increments of changing living biomass (Method 2) was equal 

to the peak standing crop (Method 1). Spartina patens in Delaware 

presents a potential discrepancy in this theory. Although the standing 

live component did decline to zero during the winter, the peak standing 

crop value for Delaware Spaxtina patens (Method 1) was unusually high 

because the initial two samples from year one yielded large biomass 

values. If the biomass of living material was ignored for the initial 

samples, then the peak average 

to Method 2. These large peak 

growing season in the Delaware 

increments of change in living 

procedures at this time. 

Method 1 vs. Method 2 

would be 487.3 g/m2, a value comparable 

values occurred at the end of the 

Spartina patens; therefore, no positive 

material were contributed to Method 2 

111. The consistency between Methods 1 and 2 is shown in the Maine 

samples (Table 12). Juneus gerardii (C) ANPP was lower in Method 2 

because no sample collected resulted in a zero biomass component. How- 

ever, if one assumed that this component did go to zero, then 10 g of 

material would be added to Method 2. Milner and Hughes (1968) 

suggested that their method was an underestimate of production because 

death of living material between harvests was not considered. In addi- 

tion, it appears this method must be cautiously used only in areas 

where an annual turnover is visually apparent. 

Method 3 

112. Method 3 (Smalley 1958) was consistently higher in all in- 

stances than either Method 1 or 2. This method (3) was more acceptable 

in theory than the other methods considered thus far because it at- 

tempted to account for the mortality of living material, a necessary 

consideration. However, it did not account for the new shoot growth 

during periods of rapid decline in mature live standing crop when no 

apparent increase in the dead component resulted because of decomposi- 

tion and tidal removal of that material. Although the importance of 

tidal flushing losses and decomposition is recognized by most 

researchers, Smalley's method has been historically prominent in the 

literature. The resulting ANPP values indicate that this method (3) 
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produced the results expected based on tidal elevations of the plant 

species, their exposure, and the appearance of the stands (Parts II 

and III). 

Method 4 

113. Method 4 (Valiela et al. 1975) attempts to compensate for 

death and disappearance of dead material during the harvest intervals. 

The method was designed for an area where the litter component of dead 

material was negligible. None of the areas sampled for this study had 

a negligible litter base except the woody plants, Borrichia frutescens 

and Iva frutescens. In addition, the method did not evaluate growth 

directly unless there were increases in dead matter. If the living 

biomass increased while some living plants died concomitantly, and 

no change in the standing dead was apparent, a potential occurrence 

because of tidal flushing, then this growth remained unassessed. 

Further, it must be considered that the method assumes that the system 

being evaluated is a steady state such that the amount of material 

produced is equal to the amountof material that disappeared. Finally, 

Method 4 does not permit seasonal growth patterns to be distinguished, 

since unmeasured growth (increase in living biomass) during a harvest 

interval is not detected until decreases in dead material were apparent 

at a later interval. Valiela et al. (1975) suggested that their method 

was an underestimate based on the above difficulties and fully recog- 

nized its limitations. 

Method 3 vs. Method 4 

114. Over 30 percent of all resulting ANPP values yielded 

greater values for Method 4 than Method 3. Both methods had inherent 

difficulties; however, the benefit of seasonal results was a positive 

aspect of Method 3. In addition, the potential of inaccurately measur- 

ing the dead component when litter was prevalent (Method 4) appeared 

greater than the potential of inaccurately measuring standing living 

material (Method 3). Therefore, Method 3, which measured the living 

biomass directly, was considered to be more reliable than Method 4. 

Spartina qnosuroides ANPP determined by Method 4 was less than the 

peak standing crop of living material. Enough biomass information is 
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available (Table 11) to imply that Method 4 severely underestimated 

the production of this plant. With plants growing above mhw (Part 

III) dead material has the potential to accumulate for some time 

before tidal flushing takes place. Method 4 had a greater potential 

to be affected by this occurrence than did Method 3, which would 

account for the occurrence more directly. Both estimates (i.e., 

Methods 3 and 4) were considered to be underestimates, both were 

plagued with inherent difficulties, and both resulted in similar 

estimates. 

Method 5 

115. Method 5 (Wiegert and Evans 1964) was more difficult to 

evaluate for specific shortcomings. However, it was potentially the 

most questionable method to use for the marsh system since it was 

the only method that potentially overestimated net production ex- 

clusive of herbivore grazing and leaching of material (Part III). 

Several assumptions were necessary to compute the instantaneous 

rate of detritus flux, and these assumptions were found to be ex- 

tremely influential in the resulting ANPP values. The assumptions 

and explanations are as follows: 

a. Both paired plots were identical. Since these - 
data were from monospecific stands, this assumption 

appeared reasonable (Part III). 

!L* The removal of dead material did not influence the 

rate of disappearance. This assumption could not 

be made in the marsh system under tidal influence. 

In dense stands of living plants, the removal of 

the living material resulted in an increased po- 

tential for tidal removal of the remaining dead 

during the harvest interval. Coincidentally, this 

method may have also decreased the potential for 

rapid decomposition (Wiegert and Evans 1964), pro- 

viding somewhat of a counter response to the tidal 

removal. 

C. No additional material could be contributed to the - 
dead material of the plot where the living material 

95 



was selectively removed at tO * 
This assumption 

could not be made in the estuarine system, again 

because of tidal influence that had the capability 

to transfer dead material from one plot to another. 

Negative rates of disappearance appeared to be a 

direct result of the invalidity of this assumption. 

This also indicates that growth and mortality can- 

not occur during the harvest period. 

d. - The method assumes that the ecosystem being investi- 

gated is stable, and that utilizing values of milli- 

grams are accurate in harvest data (Singh et al. 

1975). 

A more complete evaluation of this method was presented in Part III. 

Comparison of methods 

116. The values of ANPP used in Table 11 were presented in 

Part II after modifications of Wiegert and Evans (1964) methodology 

indicated in that section. The values presented were considered to 

be the best estimates of these species' ANPP's, utilizing the logic 

presented by Wiegert and Evans (1964). In all instances except for 

Phragmites communis, Method 5 produced higher values for ANPP than 

any other method. Results utilizing Method 5 suggested that the 

Phragmites communis. stand was unstable (Part III) where material 

was apparently accumulating. Method 4 produced a higher value of 

ANPP for Phragmites corrnu.n.is where it, in opposition to Method 5 

results, indicated that material was rapidly disappearing. If the 

area was not a stable ecosystem, then neither method was applicable, 

based on assumptions that must be made in both Methods 4 and 5. 

117. Selected method ratios (Table 13) are presented for 

rapid comparison of methods on a relative basis. The mean ratio 

and standard error (f + s-) for each comparison is also presented - x 
(Table 13), which indicates similarities of comparisons among loca- 

tions for method ratios 1:2, 2~3, and 3:4 relative to those values 

for method ratio 4:5. The comparisons of Methods 4 and 5 showed 

more pronounced differences between locations based on mean values. 

118. A more appropriate comparison might be that of the most 
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Table 13 

Method Ratios by Location and Species 

Ratios* 

Angiosperms 1:2 

Maine 

J. gemrdii (C)z 1.0 
J. geraxdii (H) 1.0 
S. ai!ternifZora (C)E 1.0 
S. aZterniflora (H) 1.0 
S. patens 1.0 
x + s- 1.0 + 0.0 - x - 

2:3 3:4 

0.3 1.0 
0.4 1.2 
0.6 1.0 
0.3 1.2 
0.3 1.0 

0.4 + 0.2 1.1 + 0.0 - - 

4:5 

0.5 
0.8 
0.5 
0.4 
0.6 

0.6 + 0.1 - 

Delaware 

D. spicata 
I. frutescens 
J. gerardii 
P. comunis 
S. patens 
x + s- - x 

1.0 0.7 1.1 0.6 
1.0 0.8 1.0 
1.0 0.6 1.1 0.5 
1.0 0.6 0.5 1.8 
1.5 0.5 0.8 0.5 

1.1 + 0.1 0.6 + 0.1 0.9 + 0.1 0.9 + 0.3 - - - - 

Georgia 

B. frutescens 1.5 0.9 
D. spicata 1.4 0.2 
I. frutescens 1.2 0.5 
S. qnosuroides 1.0 0.7 
S. patens 1.3 0.4 
S. virginieus 1.2 0.7 
x + s- 1.3 + 0.1 0.6 + 0.1 - x - - 

0.8 
1.3 
0.8 
1.6 
1.6 
0.7 

1.1 + 0.2 - 

0.2 

0.3 
0.3 
0.3 

0.3 + 0.1 - 

*1:2 = peak standing crop vs. Milner and Hughes (1968) Methodology; 
2:3 = Milner and Hughes (1968) Methodology vs. Smalley (1958) 
Methodology; 3:4 = Small-ey (1958) vs. Valiela et al. (1975) Method- 
OlogY; and 4:5 = Valiela et al. (1975) vs. Wiegert and Evans (1964) 
Methodology. 

aCreekbank. 
b Highmarsh. 
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widely used method, Smalley (1958), and those values computed based 

on the methodology of Wiegert and Evans (1964). Excluding the 

Phragmites communis values, Method 5 (Wiegert and Evans 1964), on an 

average basis, resulted in ANPP estimates 3.1 (+ 1.1) times greater - 

than Method 3 values in Georgia, 2.0 (2 0.4) times greater than in 

Delaware, and 1.8 (+ 0.2) times greater than in Maine. - Wiegert and 

McGinnis (1975), Bradbury and Hofstra (1976), Kirby and Gosselink 

(1976), and Gallagher et al. (In p ress) also found that Wiegert and 

Evans (1964) methodology yielded results greater than other methods 

utilized. If Method 3 is an underestimate and Method 5 a potential 

overestimate, the true net aerial primary production probably lies 

somewhere between these values. Assuming that the tidal influence 

was significant in these systems, ANPP is assumed to be closer to 

the method devised by Wiegert and Evans (1964) even with its potential 

flaws. The modification utilized to produce these values for Method 

5 (Part III) should have produced a reasonable estimate. It is also 

necessary to consider that this method (Method 5) was the only one 

that attempted to measure the components needed for an accurate 

estimate of net aerial primary production. 

119. These data indicated that the method utilized for com- 

puting ANPP could significantly influence the conclusion drawn 

from a production study in the salt marsh ecosystem. A comparison 

of ANPP values for Spartina patens supports this conclusion. 

Method 1 indicated that all locations are equal in production, Method 

2 indicated that Maine was the most productive followed by Georgia; 

Method 3 indicated results identical to Method 2; Method 4 indicated 

Maine was the most productive followed by Delaware; and Method 5 

again indicated a Maine, Georgia, then Delaware trend of decreasing 

magnitude of angiosperm ANPP. Species morphology, location, and 

general environment may also significantly affect the outcome of 

any single method as has already been indicated. 

120. The methodology of Smalley (1958) and that of Wiegert and 

Evans (1964) alludeto ANPP estimates applicable to the salt marsh 

system. Smalley's method results in underestimates of ANPP, while 

Wiegert and Evans' estimates are potentially inflated. Therefore, the 
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estimated annual net aerial primary production, as stated earlier, 

is an intermediate value. It appears feasible that the two values 

be averaged for the best ANPP estimate for these plant species and 

the resultant estimates are found in,Figure 21. 

121. The generally higher turnover rates (Table 14) observed 

in Maine appear to be the result of increased tidal influence on 

these plants (Part III). This influence tended to inflate the 

Wiegert and Evans (1964) ANPP values to a greater degree in Maine 

than in Delaware and Georgia where tidal influence was potentially 

less (Part III). The low turnover found in the Georgia Bomichia 

frutescens was a result of its woody nature. The exceptionally 

high turnover of Georgia Distichlis spicata stresses the potential 

importance of production determination methodology. A brief assess- 

ment of peak living biomass values, or even the changes in living 

biomass without a more in-depth consideration of the additional 

components effectively influencing production, could be extremely 

misleading. 

122. In this report, less emphasis is being placed on pro- 

duction determination because of the multitude of publications already 

in existence. However, no single method devised to date adequately 

evaluates net primary production in salt marsh ecosystems. Conver- 

sion of one method to another through statistical evaluations of 

present data is a feasible approach, although these data indicate 

a tendency for species to require different conversion factors when 

transforming estimates. This process does not appear to be one 

that will be completed in the near future and the accuracy of such 

a procedure must be considered. Standardizing methodology is an 

alternative that will result in comparable values; however, the 

conclusions drawn between species or locations may contain significant 

inaccuracies. Many researchers have suggested that variability can 

be reduced by adoption of techniques applicable to the community 

(Rickett 1922, Walker 1947, Brown 1954, Pearsall and Graham 1956, 

Edwards and Owens 1960, Westlake 1963). 

123. This community approach, with considerations of species 

morphology and geographic location, appears at present to be neces- 
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Table 14 

Estimated Turnover Based on ANPP Estimates Resulting from 

Averaging Methods 3 and 5 and the Peak Standing Crop 

(ANPP/Method 1 Values) 

Angiosperms 

B. frutescensa 

D. spicata 

I. frutescensa 

J. geraxdii (C)b 

J. gerardii (H)' 

P. comnis 

S. altemifZora (Ob 

5'. aZternifZora (H)' 

S. qnosuroides 

S. patens 

S. virginicus 

Estimated Turnover, g/m2/yr 

Maine Delaware Georgia 

0.7 

1.9 7.1 

1.3 1.5 

4.6 

2.4 2.3 

1.8 

2.7 

4.8 

2.3 

5.1 2.3 3.0 

3.3 

aSmalley's ANPP estimates/method 1 values. 
b Creekbank. 

'Highmarsh. 
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sary. Such an approach also tends to rule out standardization as a 

viable solution and again leads one to estimation methodology, which 

is not comparable between, or even within, ecosystems. Therefore, 

if the goal of the researcher is to collect and evaluate accurate 

information on the primary producers, the issue of ANPP estimation 

methodology should not become stagnant until a means of estimating 

net annual primary production is devised that confidently results in 

reliable estimates of this parameter. 
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APPENDIX A: MONTHLY CLIMATOLOGICAL DATA FOR 

SAMPLE FROM NOAA 
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Month 

August 1973 20.8 (69.4) 26.5 (79.7) 15.0 (59.0) 2.91 
September 15.0 (59.0) 20.5 (68.9) 9.5 (49.1) 3.80 
October 9.9 (49.8) 14.2 (57.6) 5.6 (42.0) 4.77 
November 3.4 (38.2) 7.3 (45.1) .4 (31.2) 3.18’ 
December 1.2 (34.2) 5.8 (42.4) -3.3 (26.0) 8.56 
January 1974 -4.4 (24.0) 0.2 (32.3) -9.1 (15.7) 3.07 
February -5.3 (22.5) -0.4 (31.3) -10.2 (13.7) 5.18 
March 0.3 (32.5) 5.1 (41.1) -4.6 (23.8) 4.89 
April 7.8 (46.0) 13.6 (56.5) 1.9 (35.4) 3.90 
bY 10.1 (50.1) 15.4 (59.8) 4.6 (40.3) 4.04 
June 16.9 (62.5) 23.6 (74.5) 10.3 150.5) 2.90 
July 19.2 (66.6) 25.6 (78.0) 12.8 (55.1) 2.04 
August 20.6 (69.1) 27.4 (81.3) 13.8 (56.8) 2.02 
September 14.7 (58.5) 19.5 (67.1) 9.9 (49.9) 8.71 
October 7.4 (45.4) 10.2 (54.0) 2.7 (36.8) 1.22 
November 4.3 (39.7) 8.1 (46.5) 0.4 (32.8) 4.50 
December -0.5 (31.1) 3.4 (38.1) -4.4 (24.0) 2.72 
January 1975 -3.4 (25.9) 1.3 (34.3) -8.1 (17.4) 5.19 
February -4.2 (24.4) -3.3 (31.5) -8.3 (17.3) 1.82 
March 0.3 (32.5) 4.4 (40.4) -4.2 (24.5) 4.52 
Apt11 5.6 (42.1) 11.3 (52.3) -0.1 (31.8) 3.54 
-Y 13.5 (56.3) 19.7 (67.5) 7.3 (45.1) 2.35 
June 17.5 (63.5) 23.8 (74.9) 11.1 (52.0) 6.42 
July 20.9 (69.5) 26.8 (80.3) 14.9 (58.9) 2.40 
August 19.8 (67.6) 26.1 (78.9) 13.5 (56.3) 6.76 

August 1973 24.3 
Septanber 21.1 
October 15.1 
November 9.7 
December 5.2 
January 1974 5.1 
February 2.2 
'larch 7.4 
April 13.6 
FLY 16.7 
June 20.3 
July 24.0 
AI I t 23.6 
’ ‘I)! mber 20.2 
(1 cuoet 12.7 
‘:ovembcr 8.9 
hcembcr 4.9 
!nnuary 1975 4.3 

Daily Mean 

OC OF 

IK, 
(59:l) 
(49.4) 
(41.4) 
(41.1) 
(35.9) 
(45.4) 
(56.4) 
(62.0) 
(68.6) 
(75.2) 
(74.4) 
(68.3) 
(54.9) 
(48.1) 
(40.8) 
(39.8) 

liean 

Maximum 

“C OF -- 

Bar Harbor, Maine 

Lewes, Delaware 

28.9 
26.0 
20.9 
15.2 
10.2 

9.6 
7.1 

12.4 
19.8 
22.0 
24.7 
29.4 
28.0 
25.1 
18.8 
14.4 

9.4 
9.4 

(84.1) 

1E; 
(59: 3) 
(50.4) 
(49.3) 
(44.8) 
(54.3) 
(67.7) 
(71.6) 
(76.4) 
(84.9) 
(82.4) 
(77.1) 
(65.9) 
(58.0) 
(49.0) 
(48.9) 

(continued) 
A2 

Moan 

Elfnimum 

OC 

19.6 
16.2 

9.2 
4.2 
0.2 
0.4 

-2.8 
2.5 
7.3 

11.3 
15.9 
18.6 
19.1 
15.3 

6.6 
3.4 
0.3 

-0.7 

OF 

I::*:{ 
(48:5) 
(39.5) 
(32.4) 
(32.8) 
(27.0) 
(36.5) 
(45.1) 
(52.4) 
(60.7) 
(65.4) 
(66.4) 
(59.5) 
(43.8) 
(38.1) 
(32.5) 
(30.7) 

Rainfall l 
in. Clll -- 

( 7.39) 
( 9.65) 
(12.12) 
(:8.08) 
(21.74) 

( 5.18) 

26.34 
6.68 
4.24 
4.57 

16.84 
6.02 
5.69 

11.20 
4.65 

13.84 
15.32 

1.65 
15.14 

5.92 
6.50 
2.21 

12.12 
13.51 

( 0.65) 



l 
Month 

Pebruary 1975 3.9 
March 6.1 
April 9.1 
&Y 17.6 
June 21.6 
July 23.6 
August 24.5 

August 1973 
September 
October 
November 
December 
January 1974 
February 
March 
AQrll 

July 
August 
September 
October 
November 
December 
January 197 5 
February 
March 
April 
May 
June 
July 
August 

Daily Mean 

Mean 

Maximum 

“C OF "C OF 

Lewes, Delaware 

(39.1) 8.5 (47.3) 
(42.9) 10.9 (51.7) 
(48.4) 14.3 (57.8) 
(63.6) 22.4 (72.4) 
(70.8) 26.1 (78.9) 
(74.4) 28.2 (82.8) 
(76.1) 29.8 (85.6) 

26.3 (79.4) 
26.2 (79.1) 
21.6 (70.9) 
17.8 (64.0) 
11.1 (52.0) 
18.1 (64.5) 
12.8 (55.0) 
17.8 (64.1) 
19.2 (66.5) 
23.9 (75.0) 
24.8 (76.6) 
26.2 (79.1) 
26.2 (79.1) 
25.0 (77.0) 
18.8 (65.8) 
15.8 (60.5) 
11.7 (53.1) 
13.2 (55.7) 
13.9 (57.1) 
15.2 (59.3) 
18.2 (64.8) 
23.4 (74.1) 
25.9 (78.6) 
26.1 (79.0) 
26.9 (80.4) 

Sapelo Island, Georgia 

30.6 (87.0) 
30.1 (86.1) 
26.8 (80.2) 
24.2 (75.6) 
17.0 (62.6) 
23.6 (74.5) 
19.6 (67.3) 
24.4 (75.9) 
25.1 (77.2) 
28.8 (83.9) 
29.7 (85.4) 
30.8 (86.8) 
30.4 (86.8) 
29.3 (84.7) 
24.3 (75.7) 
21.7 ‘(71.1) 
17.1 (62.8) 
19.1 (66.4) 
19.5 (67.1) 
21.3 (70.4) 
24.0 (75.2) 
28.4 (83.1) 
30.9 (87.6; 
30.7 (87.3) 
31.8 (89.3) 

Mean 

Minimum Rainfall 

OC 0 . 
F in. 

-0.7 (30.8) 8.64 
1.2 (34.1) 11.89 
3.8 (Y'8.9) 14.00 

12.7 (54.8) 9.88 
17.0 (62.6) 8.20 
18.9 (66.0) 17.75 
19.2 (66.5) 14.88 

22.1 
22.2 
16.4 
11.3 

5.2 
12.5 
5.9 

11.3 
13.2 
18.9 
19.9 
21.6 
21.9 
20.7 
13.3 
9.9 
6.3 
7.2 
8.3 
8.9 

12.4 
18.3 
20.8 
21.5 

(71.7) 22.02 
(72.0) 23.34 
(61.5) 7.77 
(52.3) 3.20 
(41.4) 15.19 
(54.5) 2.72 
(42.6) 8.00 

(66.0) 3x- 
(67.8) 17.32 
(70.8) 19.18 
(71.4) 24.00 
(69.3) 36.30 
(55.9) 1.57 
(49.9) 2.18 
(43.3) 6.10 
(45.0) 8.92 
(47.0) 7.65 
(48.1) 9.05 
(54.4) 10.13 
(65.0) 10.72 
(69.5) 5.72 

( 8.67) 
( 9.19) 
( 3.06) 
( 1.26) 
( 5.98) 
( 1.07) 
( 3.15) 
( 3.33) 
( 1.60) 

--( 1.38) 
( 6.82) 
( 7.55) 
( 9.45) 
(14.29) 

I "0% 
( 2140) 
( 3.51) 
( 3.01) 

I 3=:;; 
( 4:22) 
( 2.25) 

(70.7) 
21.9 

1;.;: ; y; 
(71.5) . . 

cm --- 

( 3.40) 
( 4.68) 
( 5.51) 
( 3.89) 
( 3.23) 
( 6.99) 
( 5.86) 

A3 



APPENDIX B: TIDAL DATA FOR THE COLLECTION SITES 



Month 

August 1973 -0.01 
September 0.04 
October 0.07 
November -0.04 
December -0.04 
January 1974 -0.20 
February -0.22 
March -0.24 
April -0.15 
May -0.18 
June -0.17 
July -0.13 
August -0.20 
September -0.05 
October -0.06 
November -0.18 
December -0.07 
January 1975 -0.09 
February -0.05 
March -0.06 
April -0.03 
May 0.00 
June 0.04 
July 0.03 
August 0.03 

August 1973 0.19 
September 0.22 
October 0.14 
November 0.01 
December 0.05 
January 1974 0.09 
February 0.05 
March -0.02 
April -0.04 
FbY 0.07 
June 0.16 

Mean Low Water Mean High Water - 
m ft m ft 

Bar Harbor, Maine 

(-0.02) 2.83 
( 0.12) 2.81 
( 0.23) 2.77 
(-0.13) 2.70 
(-0.14) 2.71 
(-0.66) 2.58 
(-0.71) 2.55 
(-0.78) 2.49 
(-0.50) 2.56 
(-0.59) 2.65 
(-0.57) 2.67 
(-0.42) 2.68 
(-0.64) 2.57 
(-0.17) 2.74 
(-0.20) 2.69 
(-0.60) 2.62 
(-0.22) 2.80 
(-0.30) 2.77 
(-0.17) 2.75 
(-0.19) 2.82 
(-0.09) 2.82 
( 0.00) 2.79 
( 0.13) 2.82 
( 0.10) 2.80 
( 0.10) 2.81 

Lewes, Delaware 

( 0.61) 
( 0.73) 

: :% 
( 0:1;> 
( 0.28) 
( 0.18) 
t-0.08) 
(-0.13) 

1.46 
1.47 
1.41 
1.25 
1.25 
1.31 
1.32 
1.23 
1.25 
1.35 
1.42 

NOAA tide gauge was destroyed in a fire. 
July 1974 through December 1974. 

January 1975 0.02 ( 0.06) 1.26 
February 0.00 ( 0.00) 1.29 
March 0.02 ( 0.06) 1.27 

(continued) 

B2 

(9.29) 
(9.21) 
(9. OS) 
(8.87) 
(8.89) 
(8.48) 
(8.38) 
(8.18) 
(8.40) 
(8.70) 
(8.75) 
(8.73) 
(8.43) 
(9.00) 
(8.81) 
(8.59) 
(9.03) 
(9.09) 
(9.02) 
(9.24) 
(9.23) 
(9.15) 
(9.23) 
(9.13) 
(9.21) 

(4.73) 
(4.81) 

Xaximum High Water 

In ft 
0 

3.31 
3.25 
3.28 
3.27 
3.55 
3.36 
3.45 
3.16 
3.16 
3.01 
3.42 
3.31 
3.29 
3.37 
3.30 
3.36 
3.65 
3.52 
3.56 
3.45 
3.41 
3.31 
3.23 
3.36 
3.42 

1.88 
2.07 
2.12 
1.79 
2.30 
1.90 
1.96 
1.77 
1.73 
1.79 
1.98 

(10.86) 
(10.66) 
(10.75) 
(10.74) 
(11.66) 
(11.03) 
(11.31) 
(10.37) 
(10.36) 
( 9.86) 
(11.21) 
(10.86) 
(10.78) 
(11.05) 
(10.82) 
(11.01) 
(11.98) 
(11.54) 
ill.69j 
(11.33) 
(11.2oj 
(10.87) 
(10.61) 
(11.04j 
(11.22) 

( 6.16) 

Data are unavailable from 

(4.14) 1.57 
(4.22) 1.01 
(4.18) 1.41 



Menn Low Water Mean High Water Maximum High Water 
Month m ft m -- ft m ft 

Lewes. Delaware 

April 1975 0.08 ( 0.27) 1.36 (4.47) 1.91 (6.28) 
M&Y 0.08 ( 0.27) 1.36 (4.47) 1.83 (5.99) 
June 0.07 ( 0.22) 1.35 (4.42) 1.91 (6.26) 
July 0.12 ( 0.39) 1.39 (4.56) 1.81 (5.93) 

Fort Pulaski, Georgia 

August 1973 0.16 ( 0.53) 2.24 (7.35) 2.70 (8.86) 
September 0.31 ( 1.01) 2.33 (7.64) 2.90 
October 

(9.51) 
0.42 ( 1.39) 2.37 (7.79) 2.82 (9.25) 

November 0.29 ( 0.94) 2.31 (7.58) 2.97 (9.75) 
December 0.07 ( 0.22) 2.12 (6.94) 2.74 (8.99) 

NOAA tide data unavailable January 1974 through December 1974. 

January 1975 -0.03 (-0.10) 2.03 
February 0.05 (-0.16) 2.13 
March -0.02 ( 0.08) 2.07 
April 0.05 ( 0.15) 2.10 
May 0.13 ( 0.44) 2.18 
June 0.14 ( 0.46) 2.32 
July 0.03 ( 0.09) 2.05 
August 0.05 ( 0.16) 2.11 

(6.66) 
(6.99) 
(6.78) 
(6.89) 
(7.15) 
(7.60) 
(6.73) 
(6.91) 

2.59 (8.50) 
2.59 (8.50) 
2.59 (8.50) 
2.53 (8.30) 

2.53 2.65 go::,' 
2.47 (8:lo) 
2.50 (8.20) 

83 



APPENDIX C: MONTHLY MEAN VALUES FOR LIVING AERIAL BIOMASS, DEAD 

AERIAL BIOMASS, LIVE TO DEAD RATIOS, LIVING STEM DENSITIES, AND 

INDIVIDUAL LIVING STEM WEIGHTS, FOR THE ANGIOSPERMS SAMPLED. 

(LIVING STEM WEIGHTS ARE BASED ONLY ON PLOTS THAT HAD LIVING 

MATERIAL PRESENT.) 
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